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PREFACE. 



Among the many recent and valuable works on Chemis- 
try, I am not aware of one having for its special object to 
explain and render simple to the beginner, the various pro- 
cesses employed in analysis, or which have been devised 
for the illustration of the principles of the Science. Most 
of them contain much that is superfluous for the general 
student, who has but a limited time to devote to the sub- 
ject ; while they are wanting in those explanatory details, 
without which he must often fail to understand the rationale 
of the operations through which he is conducted. 

It is with a wish to supply this deficiency, and at the 
same time to furnish a text-book for my own classes, that 
the present little work has been written ; and as it is in- 
tended for the use of those who have made but little pro- 
gress in the Science, my endeavor has been throughout, to 
make everything as simple and intelligible as possible. 
The employment of complicated or expensive apparatus 
has been almost wholly avoided. 

The outline of most of the First Part was arranged some 
years ago by my friend Professor Miller (at that time De- 
monstrator of Chemistry in King's College), for the use 
and direction of the class of Chemical Manipulation, then 
first established to supply a growing demand, and to meet 
the requirements of the University of London, and some of 
the other examining Boards of the Metto^cXva* ^\^^ "^^ 
compilation of the Second and TYiit^ "t^tl^^W^cs^Xi^^^ 
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much indebted to the excellent works of Rose, Fresenius, 
Parnell, and others ; I must also here thank my colleague, 
-whose name I have already mentioned, for many valuable 
suggestions, and for his kindness in revising the proof 
sheets, without which assistance many errors would have 
crept in, and rendered the book less worthy of the student's 
confidence. 

JOHN E. BOWMAN. 

Kinoes Collcoe, Loi^Doir, 
SqttefRber, 1848. 
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INTRODUCTION. 



1. So essentially is chemistry an experimental science, 
and so almost exclusively is it built up of facts which have 
been elucidated by experiment, that without experimental 
illustrations it would be quite impossible to teach or to 
study it with any great amount of success. It is not 
enough, however, for the student to see experiments per- 
formed by others ; he must, if he would master even the 
general principles of chemistry, learn to make experiments 
himself; and he will, probably, be surprised how much 
more easily he will retain in his recollection those pheno- 
mena (as well as the principles they illustrate) which his 
own hands have been the means of producing. This is 
especially the case when he is enabled, while operating in 
the laboratory, to learn and study the theory of the changes 
which take place under his direction. 

2. With the view of enabling the beginner to do this as 
much as possible, I have in the following pages explained, 
by means of chemical symbols and equations, nearly the 
whole of the changes and decompositions which take place 
in the experiments described. The symbols which I have 
made use of are those now almost universally adopted by 
chemists ; and it will be seen by the following Table, that 
they consist, for the most part, of the first letter or two 
letters of the Latin names of the elements '^ViVdcL ^^"^ ^'^- 
press. 

2 
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Table of Eltmentary Subtlancet (arranged alphabetically)^ ikotring their ty 
boU, atomic weighU, and the compotitum of aome of their compoundt. 




Atomic I 
Weight I 



Componodv. 



Aluminum 



Antimony 

Arsenic 
Barium 

Bismuth . 

Boron . . 
Bromine . 

Cadmium 

Galdnm . 

Carbon . 

Cerium 

Chlorine . 

Chromium 

Cobalt . . 

Copi)er 
(Cuprum). 

Didymium 

Fluorine . 

Glucinum 

Gold . . 
(Aurum). 

Hydrogen 



Sb 

As 
Ba 

Bl 

B 
Br 

Cd 

Ca 

C 

Ce 

01 

Cr 

Co 
Cu 

D 

P 

G 

Au 

H 



14 I 



129 

75 
60 

107 

11 

78 

56 
20 

6 

46 

36 

28 

30 
32 

18 
7(?) 
200 



AI^O, Alumina. 

AljClj Chloride of aluminum. 

AljOySSOj Sulphate of alumina. 

bbOj Oxide of antimony. 

SbO^ Antimonious acid. 

SbOj Antimonic acid. 
C AsOj Arsenious acid. 
\ AsOg Arsenic acid. 
C BaO Baryta. 
\ BaCl Chloride of barium. 

BijOj Oxide of bismuth. 

BijOySNO- Nitrate of bismutli. 

BifCl. Chloride of bismuth. 

BOj £oracic acid. 
C BrO^ Bromic acid. 
\ HBr Hydrobromic acid. 
J CdO Oxide of cadmium. 
\ CdS Sulphide of cadmium. 

iCaO Lime. 
CaCl Chloride of calcium. 

CO Carbonic oxide. 

CO, Carbonic acid. 

CS^ Sulphide of carbon. 
( CeO Oxide of cerium. 
\ Ce,0, Sesquioxide of cerium. 
C ClO^ Chloric acid. 
7 CIO7 Perchloric acid. 
( HCl Hydrochloric acid. 
C CrOj Chromic acid. 
< Cr,Oj Oxide of chromium. 
( CrjOjjSSOj Sulphate of chromium 
C CoO Oxide of cobalt 
\ C09O, Sesquioxide of cobalt. 
C CujO Suboxide of copper. 
7 CuO Black oxide of copper. 
( CuOjSOj Sulphate of copper. 

C HF Hydrofluoric acid. 

\ BFj Fluoboric add. 

J GOg Glucina. 

\ GCL Chloride of glucinum. 

AuO Oxide of gold. 

AuO, Teroxide of gold. 

AUCI3 Terchloride of gold. 
iHOiprAq) Water. 
I HO^ Binoxide of hydrogen. 
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Name. 

Iodine . . 

Iridium . 

Iron . . 
(Ferrum). 
Lanthanum 

Lead . . 
(Plumbum). 

Lithium . 

Magnesima 

Manganese 



Mercury . . 

Molybdenum 
Nickel . . 

Nitrogen . 

Osmium . 
Oxygen . 

Palladium 

Phosphorus 

Platinum . 

Potassium 
(Ealium). 

Rhodium . 

Ruthenium 

Selenium . 

SiliocMi . . 
Silver . . 

(Argentmn). 
Sodium 

(Natronlnm). 



Symbol 



Ir 
Fe 

Ln 
Pb 

Li 
Mg 

Mn 



Mo 
Ni 

N 

Oa 

O 
Pd 



Pt 
K 

R 
Ru 

Se 

Si 
Ag 

Na 



Atomic 
Weight. 



Compoonds. 



126 

99 
28 

48 
104 

7 
12 

28 



202 

48 
30 

14 

99 

8 

54 

32 

99 
40 

52 

52 

40 

22 
108 

24 



ilOg Iodic acid. 
HI Hydr iodic acid. 
J IrO Protoxide of iridium. 
I IfgOj Sesquioxide of iridium. 

SFeO Protoxide of iron. 
FcjOj Sesquioxide of iron. 

LnO Oxide of lanthanum. 

PbO Protoxide of lead. 

PbjO^ Red oxide of lead. 

PbCl Chloride of lead. 
i LiO Lithia. 

I LiCl Chloride of lithium. 
C MgO Magnesia. 
I MgCl Chloride of magnesium. 
'MnO Protoxide of manganese. 

MnOj Binoxide or black oxide. 

MnO. Manganic acid. 

Md Jjj Permanganic acid. 

HgO Protoxide of mercury. 

HgO, Red oxide of mercury. 

HgCl Protochloride of mercury. 

HgClj Perch loride of mercury. 

MoO, Molybdic acid. 
< NiO Oxide of nickel 
I NijOg Sesquioxide of nickeL 

NOg Nitric acid. 

NO- Binoxide of nitrogen. 

KH^ Ammonia. 
J OsO^ Osmic acid. 
\ OsO^ Binoxide of osmium. 



1 



C PdO Protoxide of palladium. 
( PdOf Peroxide of palladium. 

PO5 Phosphoric acid. 

PO9 Phosphorous acid. 

PHj Phosphuretted hydrogen. 

SPtO Protoxide of platinum. 
PtOj Binoxide of platinum. 
CKO Potash. 

I KCl Chloride of potassiaiB. ' 

C RO Protoxide of rhodium. ^ 

I RgO. Sesquioxide of rhodium. - 

iwJLpf Sesquioxide of ruthenium. , 
SeOj Selenic acid. 
HSe Hydroselenic acid. 
SiO^ Silicic acid. 
C AgO Oxide of silver. . 

JAgCl QUorideof sUvec. \ 

i NaO So6a. 
I NaC\ CbVonde o« wodAxwsa. 
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Name. 



Strontium . . 

Sulphur . . 

Tantalium 
(or G>lumbium) 

Tellurium 

Thorium . . 

Tin .... 
(Staunum). 

Titanium . . 

Tungsten . . 
(Wolfram). 

Uranium . . 

Vanadium 

Yttrium . . 

Zino . . . 

Zirconium 



_ , , Atomic 
Symbol. Weight. 



Sr 

S 
Ta 

Te 

Th 

Sn 

Ti 
W 

U 
V 
Y 

Zn 

Zr 



44 

16 
185 

64 

60 
59 

24 
96 

60 
69 
32 

32 

34 



Compounds. 



SrO Strontia. 

SrCl Chloride of strontium. 

SOg Sulphuric acid. 

ns Hydrosulphuric acid. 

TaOj Oxide of tantalium. - 

TaOg Tantalic acid. 

TeO g Telluric acid. 

HTe Hydrotelluric aeid. 

ThO Oxide of thorium. 

ThCl Chloride of thorium. 

SnO Protoxide of tin. 

SnOg Peroxide of tin. 

TiO Titanic acid. 

TiClj Bichloride of titanium. 

WOg Tungstic acid. 



C UO Protoxide of uranium. 
( UgOg Sesquioxide of uranium. 

VOg Vanadic acid. 
5 YO Yttria. 

I YCl Chloride of Yttrium. 
J ZnO Oxide of zinc. 
I ZnCl Chloride of zinc 
J ZrgOg Zircon ia. 
( ZrClg Chloride of zirconium. 



3. Each of these symbols expresses one equivalent or 
atom of the substance which it represents. Thus H stands 
for one atom or equivalent of hydrogen ; Cu for an equiva- 
lent of copper; Hg for one of mercury. 

When a small figure is placed to the right of a symbol, 
rather below the line, it means that there is that number 
of equivalents of the substance present. Thus Pbg means 
two equivalents of lead ; O^, five equivalents of oxygen ; 
Hjo, ten equivalents of hydrogen. 

Two or more symbols placed together, signify that the 
elements which they represent are chemically united in the 
closest manner. Thus HO stands for water, which is a 
compound of one equivalent of hydrogen and one of oxy- 
gen ; SO3 represents anhydrous sulphuric acid, composed ot 
one equivalent of sulphur and three of oxygen ; C^fl^fi^^ 
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represents starch, which consists of 12 equivalents of car- 
bon, 10 of hydrogen, and 10 of oxygen, chemically com- 
bined together. 

When symbols are separated by a comma, they represent 
compounds which are held together by a force less strong 
than that which unites elements that have no such mark 
interposed. Thus E0,S03 means sulphate of potash, com- 
posed of potash and sulphuric acid. The constituents of 
sulphate of potash, therefore, are both compounds, and the 
affinity which unites the potassium with the oxygen, and 
the sulphur with the three equivalents of the same element, 
js supposed to be stronger than that which unites the acid 
with the base, since it is easier to break it up into potash 
and sulphuric acid, than into potassium, oxygen, and sul- 
phur. 

When the sign + is interposed, it indicates that the 
substances between which it is placed are united in a man- 
ner still less intimate. Thus in crystallized carbonate of 
soda (NaO,CO2+10Aq), we have sodium and oxygen in 
the soda, and carbon and oxygen in the carbonic acid, 
combined in the closest and strongest manner; the soda 
and carbonic acid thus formed are separated by a comma, 
showing that they are held together by what we may here 
call the second degree of affinity; while the 10 equivalents 
of water of crystallization, separated by the sign +, are 
held by a much weaker force, so feeble indeed that a very 
moderate heat is sufficient to expel them. 

The sign + is used also to separate the symbols of sub- 
stances which are entirely disunited, as when we wish to 
express a mixture of carbonate of lime and hydrochloric 
acid, we put it thus, CdiOfiO^+HCL 

A large figure placed immediately before a symbol, mul- 
tiplies all the symbols as far as the next comma or + sign. 
Thus, in the common phosphate of soda (2NaO,HO,PO^) 

2* 
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there are two equivalents of soda, one of water, and one of 
phosphoric acid, combined together. If a large figure were 
placed before the whole formula enclosed in brackets, thus, 
5(2NaO,HO,PO,), it would represent 5 equivalents of the 
entire salt. 

4. It is really wonderful how much these little symbols 
are capable of expressing, and how often and completely 
they assist in simplifying and rendering intelligible even 
the most complicated chemical changes; for besides the 
information they convey relative to the composition of the 
substances which they express, they can be so combined in 
the form of equations, as to show in the most perfect man- 
ner, the various compounds which result during chemical 
decompositions. For this purpose, the symbols of the sub- 
stances employed are placed together so as to form one 
side of the equation ; on the other side are placed those of 
the substances which are produced during the decomposi- 
tion ; and as no atom of matter is lost during these trans- 
formations, it necessarily follows that the value of both 
sides of the equation must be equal. For example, the 
decomposition of carbonate of lime by hydrochloric acid, 
may be thus represented : — 

CaO,C02+ifC/=: CaCl+HO+00^. 

Here we place the symbols of carbonate of lime and 
hydrochloric acid on one side, and on the other those of 
chloride of calcium, water, and carbonic acid, which are 
produced during the decomposition ; and it will be observed 
that on each side there are exactly the same number of 
equivalents, viz, 1 of calcium, 3 of oxygen, 1 of carbon, 
1 of hydrogen, and 1 of chlorine. 

5. I have ventured to introduce a slight modification of 
the usual mode of printing the symbols, which will enable 
the student to see at a glance whether the substances ex- 
pressed, are in the solid, liquid, or gaseous form. 
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Those in the solid state are printed in strong Roman 
type, as Pb, lead. Liquids, as substances in solution, are 
printed in strong italics, as HO^ water; and gases or va- 
pors are represented by thin letters, as H, hydrogen. HO, 
steam. 

Thus in the above equation, liquid hydrochloric acid 
(HCl) is poured on solid carbonate of lime (CaO,C02); 
chloride of calciufn (CaCl) is formed, which remains in 
solution, together with carbonic acid (C50J, which passes 
off in the gaseous form. 

6. It is very important that the student should at once 
begin to make careful notes of all the experiments he en- 
gages in. He should endeavor to do this in as concise and 
methodical a manner as possible, and he will find it very 
advantageous to make use of symbols in describing the 
substances he employs, and the changes which they under- 
go : he will thus be able to record much in a small space, 
and at the same time he will be making himself familiar 
with the composition of the substances with which he is 
experimenting. 

7. "When, as is often the case, especially in analytical 
experiments, there are several solutions and precipitates 
either filtering, digesting, or waiting till the operator has 
leisure to attend to them, it is necessary to mark them in 
some way, to prevent confusion. This is easily done with 
small pieces of gummed paper, on which a letter or num- 
ber may be written, corresponding with a similar reference 
mark in the note book. 

8. The student will soon learn by experience that he 
cannot be too methodical in his operations, or too careful 
in cultivating habits of neatness and cleanliness. The pre- 
sence of a little saline or other impurity in a glass, owing 
to careless washing, or a little extraneous matter haym^c* 
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been allowed to find its way into a bottle or test-tube, may 
retard or spoil the result of whole days of labor. 

^^ Much as the chemist may soil his fingers during his 
experimental occupations, he will soon learn the great im- 
portance of cleanliness to the success of his experiments. 
The regular course of his operations causes many kinds of 
matter to pass in succession through his hands; and many 
of the substances, which by mixture have exhibited the 
phenomena they were competent to occasion, and so far 
answered the purpose of the experiment, then become mere 
useless dirt. Their dismissal and entire removal \vben 
thus circumstanced become necessary, that they may not 
contaminate other bodies ; and are as imperatively required, 
as was the care previously bestowed to prevent their con- 
tamination from extraneous matter. 

"It is this rapid change in the character and relation of 
the substances with which the chemist works, that makes 
a constant attention to cleanliness essentially necessary. 
The very bodies which at one moment are carefully retain- 
ed in vessels that have previously been cleansed with the 
most scrupulous attention, become the next in the situation 
of so much dirt, from which the vessels must be cleansed 
as perfectly and carefully, before they can be fit for another 
experiment, as they were for the reception of the now re- 
jected matter. The results of numerous experiments rela- 
tive to testing bodies in solution by reagents, are in many 
cases dependent on the employing of clean vessels. For 
instance, a portion of water examined in glasses which 
have been carelessly washed, may occasion a slight preci- 
pitate with nitrate of silver or chloride of barium and thus 
seem to contain a chloride or a sulphate (403, 429), when 
the cause of the precipitate may be nothing more than por- 
tions of salts adhering to the vessel. 
"In the same manner the purity of an acid or a test, is 
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not unfrequently affected by the state of thfe bottle contain- 
ing it, or by the dirty condition of glass rods dipped into it, 
or of the funnels through which it has been poured, or fil- 
tered, or of the vessels used in its transference; and some- 
times it is contaminated by laying the stopper of the bottle 
containing it in a dirty place. Nor is it only that kind of 
dirt or impurity which gives an evident tinge to what it 
adheres to, that is to be avoided, but also numerous color- 
less substances, as salts, solutions, &c. ; and in a word, 
anything which differs from the principal substance itself, 
and is at the same time liable to be dissolved or mixed 
with it. 

"In consequence of these liabilities, and their interference 
with experiments, it should be established as a general rule 
in the laboratory, that no apparatus, nor any vessel, (ex- 
cept such as may be destined to a particular use, and is as 
convenient when with a little previously adhering matter 
as if it were clean,) be put away in a dirty state. All 
vessels or instruments when resorted to, should be found 
fit for the nicest experiment to which they are applicable. 
Glass rods or stirrers should be preserved in a clean place ; 
glasses, on a clean shelf; and stoppers, when taken out of 
bottles, should be laid upon clean surfaces. These atten- 
tions and regulations will be found always useful, at times 
essential ; and they are generally more requisite and in- 
fluential in minute chemistry, than in large experiments."* 

9. It is easy to clean even the dirtiest vessel, provided it 
has not been allowed to remain long with the impurities 
adhering to it; this, indeed, should never be permitted, 
and is readily avoided by making it a rule never to leave 
work for the day until the whole of the soiled apparatus 
has been thoroughly washed, and left to drain during the 

• Faraday's Chemical Manipu\a\\oiv,^. ?ft.^. 
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jar after the combustion, which is the water formed bj the 
combination of the hydrogen with oxygen. H+Osfl'O. 
14. Fill a small jar with the gas, and baring remored 
it from the gas-holder, let it stand for a few seconds with 
its open end upwards. If a lighted taper be now applied, 
no combastioB will ensue, as the hydrogen will have es- 
caped upwards, on account of its very low specific gravity. 

16. Repeat the last experiment, holding the jar with the 
open end dovrnwards. On applying a lighted taper, a slight 
explosion will take place, showing that the hydrogen had 
not ^scaped as before, 

16. Transfer some of the 
gas from a large jar to a 
small one, and from this 
again to tubes, until it can 
be done i*ithout allowing 
any bubbles to escape. 
When the gas is to be de> 
canted into a jar or tube 
which is much narrower, it 
may be first transferred into 
— a lipped glass, or an in- 

verted funnel may be used. 

17. Transfer a little of the hydrogen in this way into a 
graduated tube, and mix it with varying but definite por- 
tions of common air ; then ascertain by experiment what 
proportions detonate most loudly when a lighted taper is 
applied. The jars used for these experiments should be 
small and strong, to avoid risk of fracture by the force of 
the explosion. 



Preparation of Carbonic Add (CO^).* 

18. As this gas is to a considerable extent soluble in 
water, it is better in its preparation not to use the gas- 

* The apecifiograTiljr of carbonic acid ie 1.S24 (air b«ins 1-0), lOOcubie 
inchea wei|jhing 47.30 graiiu. Its aroniic weight it 33; end iti combinitu 
volnme 1. At a tempeiatuis of W w«ler diucdTei abmit it* own bulk if 
wbonioaoid. 
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holder, on account of the large quantity of water it would 
then have to pass through, hut to collect it at once in jars 
over the pneumatic trough. 

Fig. 6. 




19. Put 300 grains of marble (CaOjCOJ broken into 
fragments about the size of a pea, into a retort, observing 
the same precautions as were recommended in the prepara- 
tion of hydrogen (12). Measure out an ounce and a half of 
hydrochloric acid {HCl)y dilute it with an equal quantity 
of water, and pour the mixture upon the marble. The gas 
is immediately given off, causing brisk efiervescence, and 
it may be collected in jars placed on the shelf of the pneu- 
matic trough, the first jar full being rejected as impure. 

C30,C0^+HCl=^CaCl+Hp+00^. 

20. Introduce a lighted taper into a small jar of the gas 
held with its open end up- 
wards. It is instantly extin- Fig- '^^ 
guished ; and as the carbonic 
acid remains some time in 
the jar, on account of its 
high specific gravity, the 
taper may be extinguished 
repeatedly in the same jar 
full of gas. 

21. Pour a little lime- 
water (CaO) into a test- 
glass and thence into a jar 
filled with the gas, closing 

the mouth of the jar with a glass pVale, ^niii ^^V«Svci^ ^^ 

3* 
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Fig. 8. 



as and liquid together. The lime-water almost imme- 
iately becomes m&y, owing to the formation of carbonate 
of lime (CaOjCOj) which is insoluble in water. 

If a few drops of hydrochloric acid {HCl) be added, the 
carbonate of lime is decomposed, and the milkiness disap- 
pears, chloride of calcium being formed, which is soluble 
m water. 

(CaO,CO,+ Ha= CaCl+HO+CO^.) 

22. Having filled a jar with 
the gas, pour it like water, into 
anotner jar somewhat smaller; 
this is easily effected, owing 
to the high specific gravity of 
carbonic acid. Test its pre- 
sence in both jars with lime- 
water, and by its power of 
extinguishing a taper. 

23. The hi^h specific gr»* 
vity of carbomc acid, and its 
power of extinguishing flame, 
may be strikingly shown by 

pouring it from a jar upon a lighted candle, which is in* 
stantly put out. 

24. By means of a narrow tube open at both ends, fill a 
jar over the pneumatic trough, with air from the lungs. 

Fig. 9. 






Test it with a lighted taper, and observe that it causes 
abundant precipitate in lime-water, owing to the presence 
of carbonic acid. 
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25. Invert a jar filled with common 
air over a lighted taper floating on the 
water of the pneumatic trough, and 
observe that it soon burns dim, and is 
shortly extinguished, the water at the 
same time slowly risipg in the jar.* 
When the combustion is over, invert 
the jar, and test the air conts^ned in 
it with lime-water for carbonic acid. 



Fig. 10. 




SECTION III. 

Preparation ofBinoodde qfJVitrogen (N^J.t 

26. Put 300 grains of copper turnings into a retort, and 
pour upon it an ounce and a half of strong nitric acid 
(JVO,) previously diluted with an equal quantity of water- 
Decomposition immediately commences, and the binoxide 
is formed by the action of the copper on a portion of the 
nitric acid, thus : — 

3Cu+4JVO,=3 (CttO,JVO,)+NO^. 

The gas which is first formed becomes orange, owing to 
its conversion into nitrous acid (NOJ by combining with 
the atmospheric oxygen contained in the retort (NO^-j-S 

27. Transfer a little to a jar, and test it with a taper ; 
observe the orange fumes of nitrous acid which are in- 
stantly produced wherever the gas mixes with the air. 

28. Measure a definite quantity of the gas in a graduated 
receiver, and transfer it to another jar over the pneumatic 
trough : then measure off an equal volume of atmospheric 
air, and add it by decantation, to the binoxide. When the 
orange fumes have disappeared, owing to the absorption of 
the nitrous acid by the water, transfer it again to the gra- 

• The absorption of air and consequent rising of the water in the jar, is 
here owing to the disappearance of Ihe oxygen, which combines with the 
hydrogen and carbon of the burning wax. Nearly one-fifth of the air is 
thus condensed, that being the proportion of oxygen contained in the atmo- 
sphere ; the remaining four fiilfas are nitrogen. 

t The specific gravity of binoxide of nitrogen is 1.039, 100 cubic inches 
weighing 32.22 grains. Its atomic weight is 30.00 €u\d v\a ww&svxjmss^ -^q>- 
lume 2. 
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duated jar, and observe the volume of the mixture, noticing 
accurately the difference between this and the sum of the 
original volumes employed before mixing. This experi- 
ment should be repeated three or four times, and if the 
results in each case agree pretty closely, take the average 
of the experiments, and the amount of condensation, divided 
by three, will give very nearly the quantity of oxygen con- 
tained in the atmospheric air employed. One equivalent 
of binoxide of nitrogen occupying two volumes, when 
combined with two equivalents of oxygen occupying one 
volume, forms one equivalent of nitrous acid (NO^) which 
is absorbed by the water; consequently one-third of the gas 
absorbed consists of atmospheric oxygen. 

Though the results obtained in this way are not very ac- 
curate, owing to the formation of other oxides of nitrogen, 
they are sufficiently so to allow of its occasional employ- 
ment in determining the quantity of free oxygen in a gase- 
ous mixture ; and also when the whole of the uncombined 
oxygen has to be removed from a mixture containing it. 



SECTION IV. 

Preparation of Olefiant Gas (C^HJ;* 

29. Pour into a retort six fluidrachms of alcohol 
{C^HgOyHO) and add to it in small portions an ounce and 
a half of strong sulphuric acid {HO^SO^) gently agitating 
the mixture after each addition. Apply a moderate heat, 
and take care that the black froth which is formed towards 
the close of the operation, does not boil over. Collect the 
gas in jars over the pneumatic trough, or in the gas-holder. 

30. Examine a small jar full with a taper, and observe 
that, though the taper is extinguished, the gas burns with 
a bright white flame. 

31. When mixed with an equal volume of chlorine (CI J 
the two gases combine, forming a heavy oily compouna 
called chloride of olefiant gas {C^H.Cl^). 

• The specific gravity of olefiant gas is 0.981, 100 cubic inches weighing 
30.57 groins. Its atomic weight is 14, and its atomic volume 2. 
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The oil collects in drops on the sides of the jar and on 
the surface of the water, while the gases are gradually 
absorbed. 

Olefiant gas derives its name from the circumstance of 
its forming this oily compound. 

32. Mix together one volume of olefiant gas and two 
volumes of chlorine ; close the jar with a glass valve, and 
quickly remove it from the pneumatic trough. Apply a 
light to the mixed gases, and observe the dense cloud of 
carbonaceous matter that is formed as the combustion 
gradually passes down the jar, hydrochloric acid being at 
the same time produced. 

C^H^+4Cl=4HCl+40. 



SECTION V. 

Preparation of Carbonic Oxide (CO).* 

33. Carbonic oxide is prepared by the action of strong 
sulphuric acid (HO^SO^) on oxalic acid (HO,C203+2Aq). 
When a mixture of the two acids is warmed, the oxalic is 
resolved into carbonic acid, carbonic oxide, and water, 
which latter unites with the sulphuric acid. 

H0,C203 + 2Aq« C0^+ CO + 3flO. 
The carbonic oxide is purified from the carbonic acid by 
passing it through a solution of potash or milk of lime. 

CO^+co+KO=KO,CO^-^co. 

34. Adapt a cork to a wide-mouthed bottle capable of 
holding half a pint of water, and fit to it two tubes (152), 
one of which a, should be about half an inch in diameter, 
straight, and sufficiently long to reach nearly to the bot- 
tom ; the other 6, should only just pierce through the cork, 
and should be bent so as to deliver the gas, as shown in 
the figure ; the diameter of this tube need not be more than 
about J of aivinch. 

The beak of the retort may now be fitted with a cork, 
which should be bored to allow the bent tube c to pass 
through it ; and care must be taken that this tube is suffi- 

• The speciac gravity of carbonic oxide is 0.973, 100 cubic incbea wevdcwr 
ing 30.2 1 grains. Its atomic weight is 14.0, and \\a «b\Dxsuft ^o\\Mcafe \. 
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ciently small to slide easily down the tube a, and long 
enough to reach the bottom of the bottle. 

Fig. 11. 




Four ounces of a tolerably strong solution of potash 
{KO) may now be introduced into the bottle. 

35. Charge the retort with 180 grains of crystallized 
oxalic acid (H0,C203+2Aq) and two fluid ounces of stioog 
sulphuric acid {HOjSO^), On applying a gentle heat, the 
gas is given ofl", the first portions of which must be re- 
jected as impure, and then two or three jars full may be 
collected over the pneumatic trough before the bottle con- 
taining the potash is connected with the retort. The gas 
thus obtained is a mixture of carbonic acid and carbonic 
oxide (33). 

36. Having collected two or three jars full of the mixed 
gases for comparison, adapt the bent tube c to the mouth 
of the retort, and proceed to purify the gas from carbonic 
acid by passing it through the alkaline solution in the bot- 
tle. Pure carbonic oxide may then be collected. 

37. Agitate a little lime-water with ajar full of the un- 
purified gas ; the presence of carbonic acid is shown by the 
formation of carbonate of lime (21). 

38. Repeat the experiment with a jar full of the purified 
gas. No precipitate ought now to appear. 

39. Apply a lighted taper to a jar full of the impure gas, 
and observe the characteristic pale blue flame with which 
the carbonic oxide burns. 

40. Do the same with a jar of the pure gas : the flame is 
brighter than when carbonic acid was present. 

41. Pour a little lime-water into the jar used in the lairt 
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experiment immediately after the combustion of the gas. 
The white precipitate which now appears, and which was 
not formed when the same gas was tested previous to the 
combustion, shows the result of that process to have been 
the formation of carbonic acid. 

CO + 0=COj. 



SECTION VI. 
Preparation of Oxygen (0).» 

43. Adapt a bent tube of the form shown in the 6gare, 
to a small hard glass Bask, by means of a perforated cork. 

Then weigh 100 grains of dried chlorate of potash 
(KO,CJOj), mix it with 20 grains of black oxide of manga- 
nese (MnO,), and place the mixture in the flask; adjust 
the tube so as to deliver the gas into the gas-holder, or 

Fig. 12. 




under the shelf of the pneumatic trough, and apply the 
beat of a lamp. 

The chlorate of potash is thus decomposed, and gradu- 
ally gives off the whole of its oxygen, which passes out 
through the tube, and may be collected either in the gas- 
holder or in jars, while chloride of potassium (KCl) remains 
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Fig. 13. 




in the flask, together with the oxide of manganese, which 
is not decomposed during the process.* 

K0,C10,=KCl+60. 

The first portions of the gas should be rejected as im- 
pure, being mixed with the common air contained in the 
flask and tube. 

43. The jars used for the following experiments should 

be open both at the top and bottom, the 
edges of both being ground smooth, so 
as to be closed air-tight with a glass 
valve 6. 

44. Fill a jar with the gas, and intro- 
duce a glowing taper ; it will instantly 
burst into flame, and burn with great 
brilliancy, until most of the oxygen is 
exhausted, by combining with the car- 
bon and hydrogen of the wax. 

45. Introduce into another jar of the 
gas a small piece of ignited charcoal, 

attached to the end of a wire. It bursts into vivid com- 
bustion, combining with the oxygen, and forming carbonic 
acid (C50J, the presence of which may be proved by agi- 
tating a little lime-water in the jar (21). 

46. Repeat the experiment with a 
small coil of thin iron wire, to which 
a little charcoal or amadou should be 
attached and ignited, for the purpose 
of heating the iron sufficiently to cause 
it to burn. The iron combines with 
the oxygen, forming the black oxide 
(FcjO^), fused globules of which drop 
to the bottom, and should be received 
in water, as they are so intensely hot 
as to fuse into the glaze of a plate if 
allowed to fall upon it. 

47. Place a fragment of sulphur 
about the size of a pea in the defla- 
grating spoon, set it on fire by holding 

* The oxide of manganese is here used, because it is found that, when 
thus mixed, chlorate of potash gives off its oxygen with much greater fed- 
litjr and at a lower temperature than when heated alone. 
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it over a lamp, and introduce it into a jar of the gas ; the 
sulphur burns with a brilliant blue flame, combining with 
the oxygen, and forming sulphurous acid (SO J, 

48. Mix together two volumes of hydrogen and one of 
oxygen, and fill a small jar or tube, which for this experi- 
ment should be made of thick glass. On applying a light 
the gases combine with k loud explosion, forming water. 



SECTION vn. 

Preparation of Gases which are soluble in Water, 

49. Although in the preparation of many of the common 
gases, it is most convenient to collect them over water, 
either in the gas-holder, or in jars placed in the pneumatic 
trough, still there are many cases in which this method is 
inapplicable, as when the gas is to any considerable extent 
soluble in water. It is usual in such cases, especially when 
great purity is necessary, to collect them in tubes or jars 
over mercury, which is not acted upon by the majority of 
the gases. For common purposes, however, some of them 
may be collected by the displacement of common air from 
dry bottles, and the more the gas differs in density from 
atmospheric air, the more is this method applicable. 

Hydrochloric acid gas and ammonia, may be taken as 
examples of the process. 

Preparation of Hydrochloric Acid Gas (HCl).* 

50. This gas is easily obtaiaed by the action of sulphuric 
acid on common salt. 

To the beak of a retort, a bent tube of the form repre- 
sented in the figure, is adapted by means of a perforated 
cork, a loose roll of filtering paper is introduced into the 
neck, to retain any moisture that may distil over ; and 
the retort is charged by introducing 300 grains of dry 
chloride of sodium (NaCl), and adding to it six flui- 

» The specific gravity of hydrochloric acid gas is 1.269, 100 cubic inche§ 
weighing 39.37 grains. Its atomic weight is 37, and its atoKiifi NQ^Vxwafc V. 
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drachms of strong sulphuric acid {HOySO^). Immediate 
efiervescence takes place^ and the bent tube is passed into 

Fig. 15. 




a dry bottle of about a pint capacity, which should be 
furnished with a. greased stopper; while the bottle is fill- 
ing, the mouth may be loosely closed with a piece of card 
or paper. 

Observe the dense fumes which are formed wherever the 
gas mixes with the air, especially if the atmosphere is 
damp, owing to the combination of the gas with the aqueous 
vapor. The bottle may be considerad full when the gas 
has been flowing over from the mouth of the bottle for two 
or three minutes ; the tube should then be cautiously with- 
drawn, and the bottle tightly closed with the stopper. 
Three or four bottles may be similarly filled with the gas, 
a gentle heat being applied if necessary. 

The decomposition may be thus represented : — 
NaCl + If 0,iS03=: NaO,S03 + HCl. 
the sulphate of soda of course remains in the retort. 

51. Ascertain the action of the gas on a lighted taper. 

52. Remove the stopper from one of the bottles, in- 
stantly close it again with a dry glass plate, and plunge it 
with the mouth downwards into the water of the pneumatic 
trough. If the bottle has been well filled, the water will, 
when the glass plate is removed, quickly rise and nearly 
fill it, while the unabsorbed residue shows the quantity of 
common air lefl: in the bottle.* 

• Water at common temperatures is capable of dissolving no less than 
480 times its own volume of hydrochloric add. The liquid hydrocbl<»io 
or muriatic acid of commerce, is a solution of the g^^ ^ water. 
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This experiment must not be made without first re- 
moving the stopper, and substituting the glass plate ; if it 
is attempted to take out the stopper while the bottle is 
under water, there is great danger of its becoming so 
firmly fixed, as to be almost incapable of removal, owing to 
the absorption of the gas by the water, and the formation 
of a partial vacuum. 

53. Test a little of the acid solution obtained in the last 
experiment, in a tube with litmus paper, and afterwards 
with a few drops of solution of nitrate of silver {^gOyJ^TOg). 
The white precipitate, which is chloride of silver (AgCl), 
will be found to be insoluble in nitric acid, but readily 
soluble in ammonia (429). 

54. Reserve a bottle of the gas for an experiment (60) 
with ammonia. 



SECTION vm. 



Preparation ofAmmoniacal Gas (NH^).* 

55. This gas may be prepared in a similar manner to the 
last, but as it is specifically lighter than common air, the 

Fig. 16. 




bottles in which it is collected must be kept while filling, 
with the mouth downwards, the delivering tube passing 

• The specific gravity of ammoniacal gas is 0.589, 100 cubic inches 
weighing 18.288 grains. Its atomic weight is 17, and its atoaivc vo 
lume 2. 
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Fig. 17. 



upwards to the top ; the neck of the retort shoidd be for- 
nished as before with a roll of filtering paper. 
^ 56. Reduce 300 grains of quicklime (CaO) to powder 
Jn a mortar, and slake it in a small basin with a drachm 
and a half of water ; then pound 400 grains of muriate of 
ammonia (NH^Cl) ; mix the powders as quickly as posable, 
and without loss of time transfer the mixture to the retort. 
Jf the gas does not come over rapidly, a gentle heat may 
be applied. When three or four bottles have been filled, 
proceed with the follo^c-ing experiments : — 

67. Observe the effect of the gas on a lighted taper: it 
extinguishes the flame, and at the same time shows a sli^t 
tendency to burn with a pale green flame. 

68. Remove the stopper from one of the bottles and 
close the mouth with a dry glass plate ; then invert it and 
having placed it under water, remove the glass plate and 
observe the rapid absorption. That which remains unab- 
^rbed is atmospheric air.* 

59. Test the liquid obtained in the last 
experiment (which is a weak solution of am- 
monia), with turmeric and reddened litmus 
paper ; the first is turned brown, the latter 
has the blue color restored. 

60. Remove the stopper from a pottle 
of the gas, and also from the reserved bot- 
tle of hydrochloric acid (54), replacing 
them with dry glass plates. 'JThen invert 
the latter over the bottle of ammonia, and 
cautiously remove the glass plates so as 
to allow the gases to mix. Dense white 
fumes, consisting of muriate of ammonia 
(NH^CI), are immediately produced, which 
in a short time collect in flakes, and fall 
like snow on the sides and bottom of the 
vessels. In this combination of the hy- 
drochloric acid with the ammonia, considerable heat is 
evolved. 

• Water at common tomppmtiires is capable of absorbing nearly 700 
times its volume of ainmouiucal gas. 
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SECTION L 

Distillation of Water. 

61. Adapt a cork to the neck of a quilled receiver, and 
bore a hole through it to fit the neck of the retort, Mi^hich 
should pass through it for about two inches. When this 

Fig. 18. 




Fig. 19. 



Is done, the apparatus may be fitted up as shown in the 

figure. The funnel which supplies water 

for cooling the neck of the retort, has its 

throat partially obstructed by a plug of tow, 

to regulate the flow of liquid ; the neck of the 

retort is covered by a slip of bibulous paper 

of the form of the annexed sketch, cut of such 

a width as almost completely to encircle the 

neck ; and between the lower end of the paper 

and the quill receiver, a thin fillet of tow is 

twisted tightly round the glass, to carry off 

the superfluous water, which drops into a 

basin placed underneath for its reception. 

The quill of the receiver passes into a small 

4* 
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flask or bottle, which is kept immersed in water during the 
process, in order to keep it cool, 

62. When the apparatus is thus arranged, the retort 
must be cautiously charged with common water till nearly 
half full, care being tauken that none of it gets into the 
neck, as it would run down into the receiver, and con- 
taminate the distilled water, which should otherwise be 
pure. The upper part of the body of the retort being then 
covered with a conical cap of paper to prevent loss of 
heat by currents of air and radiation, the lamp maybe 
applied, care being taken that the ebullition does not go on 
too violently, lest any of the impure water should splash 
or boil over into the neck of the retort. If, instead of 
boiling quietly and uniformly, the water in the retort 
"bumps," owing to the sudden disengagement of large 
bubbles of steam, a few fragments of broken glass or 
platinum wire may be placed in the retort, to assist the 
formation of small bubbles from their surface. The first 
ounce of water that comes over, should be rejected as 
impure, after which two or three ounces may be distilled 
for examination. 

63. While the distillation is going on, another portion of 
the water operated on may be tested, with the view of dis- 
covering some of the impurities present in it. Fill four 
test-tubes about one-third full of the undistilled water, and 
add to them respectively a few drops of the following re- 
agents. 

(a.) To the first add a solution 
Fig. 20. of chloride of barium {Bad) ; a 

white precipitate, insoluble in 
nitric acid,* indicates the pre- 
sence of sulphates (403), most 
commonly sulphate of lime ( CaOy 
SO,). 

{b,) To another portion add a 
solution o^ nitrate of silver {^0^ 
J^Og). If any chloride is pre- 
sent (usually chloride of sodium 

• In testing the solubility of a precipitate in any liquid, ix)ur off a. small 
IHjrtion into a separate tube for the experiment, reserving the rest for com' 
parison. 




DISXILLAX^ON OF WATER. 



43 



(^aCl) ), a white curdy precipitate of chloride of silver 
(AgCl) will be produced, insoluble in nitric acid, but 
readily soluble in ammonia (429). By exposure to the 
light this precipitate gradually becomes purple, especially 
when the water contains organic matter, 

(c.) To the third tube add a little lime-water {CaO in 
water) : a white precipitate, soluble in nitric acid, shows 
that carbonic acid {CO^) is present (420). 

(rf.) To the remaining tube oxalate of ammonia {JVH^O^ 
C^O^) maybe added, which will give a white precipitate if 
any lime is present (218). 

64. Test the distilled water in the same way ; if pure 
it will of course furnish no precipitate with any of the re- 
agents. 

65. Evaporate a few drops both of the distilled and un- 
distilled water on platinum foil or a clean slip of glass : a 
considerable residue will probably be left by the latter, but 
no trace of solid matter ought to be observable where the 
other lay. 

66. During ebullition, the water in the retort usually 
becomes turbid, owing to the formation of a white insoluble 
powder, which may be separated by filtration when the 
distillation is over. 

To prepare a filter, take a small piece of white filtering 



Fig. 21. 



Fig. 22. 





or blotting paper, and fold it twice from side to side ; then 
round off with scissors the projecting corners, so that the 
paper may fall wholly within the funnel. Moisten the 
paper placed in a funnel with distilled water, and then 
carefully pour in the liquid to be filtered, using a glass rod 
to conduct it (636). 

When most of the liquid has passed through, the white 
powder may be detached with a knife from the paper, and 
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introduced into a test tube ; the clear solution being re- 
served for examination (68). 

Fig. 23. 




67. {a.) Add a few drops of dilute nitric acid to the 
powder in the tube, and observe that it dissolves with 
effervescence, indicating that it is a carbonate (419). 

(6.) Supersaturate the solution thus obtained, with am- 
monia, and add a little oxalate of ammonia {JVH^O^C^O^: 
a white precipitate shows the presence of lime (218). 
The powder is thus proved to be carbonate of lime (CaO, 
CO,).* 

68. Test the solution filtered from the carbonate of lime 
in {66) with chloride of bariumy nitrate of silver ^ lime^uoateTy 
and oxalate of ammonia; and compare the results with 
those obtained in (63), when the water was examined in 
its natural state. As most of the lime has been separated 
as carbonate, we may expect to find less of it in solu- 
tion than before, but more of the sulphates and chlorides, 
since they still remain dissolved in a more concentrated 
form. 

• This carbonate of lime had been held in solution by the excess of 
carbonic acid contained in the water ; when the latter is expelled during 
ebullition, the carbonate is precipitated. 
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SECTION IL 

Distillation of Liquid Hydrochloric Add (HCl in water). 

69. Fit up the apparatus as in the ordinary process of 
distilling water (61), taking care that all the joints are per- 
fectly tight ; then remove the retort, and introduce through 
the tubulure 1000 grains* of dry chloride of sodium (NaCl) 
in coarse powder, taking care that none of the particles 
fall into the neck of the retort : then adjust the apparatus 
as before. Measure into the small flask or bottle which is 
to receive the distilled acid, 12 fluidrachms of water, and 
mark with a file or a strip of waxed paper, the height at 
which it stands ; and having emptied it, measure into it 
seven drachms of distilled water. During the distillation 
care must be taken that the quill of the receiver dips 
under the surface of this water, which will assist in con- 
densing the acid fumes, some of which might otherwise 
escape. 

Into a small evaporating basin, pour seven drachms of 
water, and add gradually to it six drachms of strong sul- 
phuric acid {HOySO^y stirring the mixture with a glass 
rod. When nearly cool, this dilute acid may be poured 
carefully into the retort through a small funnel, avoiding 
any splashing or soiling of the neck. A gentle heat may 
then be applied, which must be regulated according to the 
rapidity with which the acid distils over, great care being 
taken that the mixture does not boil over into the neck of 
the retort (50). 

The distillation may be continued until twelve drachms 
of acid have come over, which may be known by the mark 
previously made in the receiving flask. 

70. The acid in the receiver may now be examined as 
to its purity. Pour a little into a test-tube, dilute it with 
about three times its bulk of water, and add a few drops of 
a solution of chloride of barium; if a white precipitate ap- 

• In this and many of the other experiments, small quantities are men- 
tioned to suit the convenience of my class of Chemical Manipulation, the 
lessons being only two hours long. When the products of the experi- 
ments are wanted for use, much larger quantities must frequently be em- 
ployed. 
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pears which is insoluble in the acid, it shows the presence 
of sulphuric acid as an impurity (403). 

71. Evaporate a few drops of the acid on platinum foil 
or a clean slip of glass : no trace of the spot where it lay 
ought to remain. Any solid residue shows the presence of 
some saline impurity, caused probably by a little of the salt 
employed having got into the neck of the retort, and been 
washed down into the receiver. 



SECTION m. 

Distillation of Liquid Ammonia (NH^ in water). 

72. Prepare the apparatus as in the distillation of hydro- 
chloric acid (69). 

Pound 450 grains of quicklime (CaO), introduce it into 
the retort through the tubulure, and pour gradually upon it 
two ounces of distilled water, . Measure into the receiving 
flask or bottle fifteen drachms of water, and mark with a 
file or waXed paper the height at which it stands ; empty 
it and pour in two drachms of distilled water for the quill 
of the receiver to dip into during the distillation. 

Weigh out 530 grains of muriate of ammonia (NH^Cl), 
dissolve it in three ounces of water in a small evaporating 
basin, and pour the solution into the retort. 

The distillation may now be commenced, carefully regu- 
lating the heat, and continuing it until the distilled liquid 
reaches up to the file mark in the receiver, when 15 drachms 
will have been collected. 

CaO+ JVfl,a=NH3H0+ CaCl. 

73. Pour a little of the ammoniacal solution thus pre- 
pared into a test-tube, and add to it a few drops of chloride 
of barium: if a precipitate appears, it is owing to the pre- 
sence either of carbonic or sulphuric acid. To distinguish 
between them add nitric add in slight excess ; if the pre- 
cipitate thereupon dissolves, it is carbonic acid (421); if 
not, it is sulphuric (403). 

74. Test another portion of the ammoniacal solution 
with a little oxalate of ammonia ; if a white precipitate is 
formed, it is owing to the presence of lime as an impurity 
(218). 
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75. Supersaturate a little of the distilled liquid with 
nitric acid in a test-tube, and add a few drops of a solution 
of nUrcde of silver {AgO^J^O^ ; a white precipitate indi- 
cates the presence of hydrochloric acid or a chloride. If a 
further portion of the ammoniacal solution be added, so as 
to render the liquid alkaline, the precipitate redissolves 
(429). 

76. If no precipitate occur with any of these tests, eva- 
porate a few drops of the ammoniacal solution on a slip of 
glass or platinum foil, and observe whether any trace of 
saline impurity is left. 



SECTION IV. 

Distillation of lAquid J^ttric Acid (^0^ in water). 

77. Fit up the apparatus as in the distillation of hydro- 
chloric acid (69). Introduce into the retort 1000 grains of 
nitrate of potash (KO,NO^) ; pour upon it ten drachms of 
strong sulphuric acid {HO,SO^)y and apply a gentle heat, 
observing the same precautions as were recommended in 
the former cases (61, 69). 

KO,NO,+2HO,iS03=KO,S03,HO,S03+HO,NO^. 

78. While the distillation is going on, dissolve a few 
crystals of the nitrate of potash in distilled water, for the 
purpose of ascertaining its purity. 

(a.) Test a little of the solution with nitrate of silver 
(AgOfJVOg) ; if any chloride is present, a white curdy pre- 
cipitate appears, which is insoluble in nitric acid, but 
readily soluble in ammonia (429). 

If the nitrate employed is contaminated with any chlo- 
ride, the acid that distils over is sure to contain a little 
hydrochloric acid {HCl). 

(6.) To another portion, add a solution oi chloride of ba- 
rium (BaCl); if any sulphates are present,* a white preci- 
pitate is produced, which is insoluble in nitric acid (403). 

79. Dissolve a small quantity of the nitrate of potash in 
hot water, in an evaporating basin, adding the salt as long 
as it is taken up by the water on stirring ; pour the hot 
solution into another basin, and observe the gradual forma- 
tion of crystals as it cools. Remove some o£ Wxe^e itorov 
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by the plate a, which passes dawn to vithin about half an 
inch of the bottom, thus leav- 
ing a communication open 
between the two. The lower 
end of the tube 6 is closed by 
a Talve opening outwards, to 
prevent ttie escape of sit in 
that direction : the box should 
be filled about half full of 
water, and when used, air is 
blown through the tube b. 
The pressure thus occasioned 
in the compartment c, forces 
a portion of the water into the 
nest division d, where it rises 
to a higher level than in c, and by its superior pressure 
forces a stream of air through the fine aperture at the ex- 
tremity of the tube e as long as it continues to stand at a 
higher level than in c. In this way a continuous jet is 
readily obtained, with much less fetigue to the operator 
than with the month blow-p!pe. 

83. If the blowpipe flame be examined, it will be 
found to consist of two distinct parts, which may be called 
for the sake of distinction, the 
inner and the outer flame. The 
bine point of the inner flame is 
evidently surrounded on all sides 
by the burning gas, no atmo- 
spheric oxygen being near tt, so 
that any substance containing oxy- 
gen loosely combined, placed in 
it, vrill be decomposed by the 
powerful deoxidizing affinities of 
the carbon and hydrogen of the combustible gases : on this 
account the inner flame is usually called the deoxidizing or 
reducing flame. The outer flame, on the contrary, is sur- 
rounded on all sides by the external air, so that here there . 
is no excess of combustible or deoxidizing matter, but 
rather an excess of atmospheric oxygen ; so that an oxidized 
sobstance may be placed at its extremity without danger 
of deoxidation, unless such decomposition is eQ£cte<i.\i'j ^« 
S 
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mere heat of the flame, independent of its chemical action ; 
on the other hand, most substances, having an affinity for 
oxygen, placed M^ithout its influence, become oxidized at 
high temperatures, and hence it is usually called the oadd- 
izing flame. 

84. The English flint glass, of which the tubes and rods 
commonly in use are made, contains in its composition a 
quantity of oxide of lead (PbO), which, when heated in 
contact with deoxidizing matter, is very easily decomposed. 
On this account it is necessary, in heating glass with the 
blowpipe, to take care that it does not approach the de- 
oxidizing flame, but is kept at the extremity of the oxid- 
izing flame, otherwise a black stain of metallic lead will 
be deposited on the surface of the glass. Slight stains 
of this description may generally be removed by holding 
the glass for a few seconds in the oxidizing flame ; this 
converts the lead again into oxide, which dissolves in the 
glass. 

85. Make a few glass stirring rods^ of lengths varying 
from five to eight inches. To do this, a piece of solid rod, 

long enough to mctke two 
stirrers, should be held at a 
short distance from the extre- 
mity of the flame, and gra- 
dually brought towards it, a 
rotating motion being com- 
municated to it by means of 
the finger and thumb, so that 
the part where the heat is 
applied may be uniformly 
heated all round. When the 
glass begins to soften, it 
should be gently pulled with 
both hands, until it assumes 
the form represented in the 
figure, when it maybe re- 
moved from the flame, and 
having been scratched with a file across its narrowest 
part is gently broken asunder. The sharp edges are then 
held in the flame until they are round and uniform ; after 
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Fig. 28. 




Fig. 29. 



Fig. 30. 




which the other end may be worked in the same way, only 
making it rather more tapering and pointed. 

86. Join together two rods of equal diameter. For this 
purpose, take two short pieces of rod, the extremities of 
which are smooth and flat, and hold the ends which are to 
be united in the blowpipe flame until partial fusion takes 
place. Then with a steady hand bring them together, ob- 
serving that the edges of both coincide, and press them 

fently, so as to cause them to cohere perfectly together, 
[eep the newly-formed joint in the flame for some minutes, 
turning it constantly round, and alternately pulling and 
pushing, in order to weld the two pieces firmly 
together. When this is properly done, the rod is Fig. 3i. 
as strong at ihe junction as in any other part, but a 
slight inequality will always be visible, however 
neatly the operation may have been performed. 

87. Make a specific gravity glass of the form and 
aze shown in the figure (149). 

88. Make a small syphon tube. Take a piece of 
tubing ten or twelve inches long, and a fourth or a 
third of an inch in diameter, and hold it diagonally 
in the flame of a gas or spirit-lamp, turning it con- 
stantly round, and by gently moving it up and 
down in the flame, heating two or three inches 
of the central part of the tube. When the glass 
begins to soften, apply a gentle pressure with 
both hands, so as to bend it slowly, and continue to do 
so until it has assumed the form shown in the figure. If 
the tube is too strongly heated, or if the pressure be too 
strongly and suddenly applied, the beud^ msX^^A ol \^€vft% 
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Dn removing the tube from the flame, blow air Fig. 34. 
gently into it, for the purpose of swelling out the 
bottom to its previous round form, as it usually 
collapse and flattens while in a state of fusion. 

90. The other portion of the tube may now be 
finished in a similar way, by applying heat to the 
point b and drawing off the irregular termination until the 
thread of glass is sufficiently attenuated to be removed. 

When it is required to make a test-tube of a piece of 
tubing only long enough for one, all that is necessary is to 
melt on to one end another piece of waste tubing or rod, 
to serve as a handle, after which the end may be drawn 
off as in the former case. 

91. To complete the tube, the open end must be spread 
out a little, as shown 

in the figure, so as to Fig- 35. 

form a kind of border. 
This is done by soft- 
ening the end in the 
blowpipe flame, and 
then by means of a 
thick iron wire, or the 
smooth end of a file 
(which should be pre- 
viously heated by be- 
ing held in the flame) 

introduced and carried round the opening, the edge is uni- 
formly pressed outwards. 

92. Cement together two tubes of equal diameter. This 
is done in a similar manner to that already described in the 
case of rods (86). It requires, however, more care and 
dexterity to maintain the tube of nearly uniform thickness 
at the point of junction, as it is liable to collapse and be- 
come irregular in form. When it does so, one end of the 
tube should be stopped up with a bit of cork or by hermeti- 
cally sealing, and while the junction is in a state of semi- 
fusion, air should be gently blown 
into the tube : in this way it may 
be brought again into a proper 
form. When the glass is thin, 

5* 
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the edges vrhich are to be united maj be spread out a little, 
as shown in figure, by means of a heated wire or file (91), 
vhen the joint will be stronger than it would otherwise be. 
93. Cement together two tubet of unequal diam^. 
When it is required to join a narrow tube to a wider one, 
it is necessary to draw out the latter in the blowpipe flame 
until a portion of it is contracted to the diameter of the 
former (85) ; then with a file it is divided at that point of 
equal diameter, and cemented to the smaller tube In tlu 

Fig. S7. 







same way as in the previous case, SometimeB) 
when the glass is thin, it is advisable to widen the 
extremity of the smaller tube, so as to overlap the 
other, which is readily done by means of an inn 
wire (91). 

In this operation, it is always advisable to main- 
tain the junction in the flame for some little time, 
to allow of the complete amalgamation of the two 
portions of glass ; and as the tendency to collapse is greater 
the longer it is fused, it will generally be found neceasBiy 
to blow it out slightly as recommended in (92). 
In this way, some small funnels may be made. 

94. Prepare tubes for a washing bot- 
tle. The lubes required for this pmv 
pose are of the form shown in the figure, 
the upper end of the longer one being 
drawn out so as to leave only a smaU 
aperture. 

When the bottle is prepared and filled 
with water, a small stream of water may 
be forced through this tube by blowing 
air down the shorter one ; it is of great 
service in washing precipitates on a 
filter, and for many other purposes (169). 

95. Prepare Ivhes for a sulpkuretttdhy- 
drogen {hydrosulp/mric add) t^paratm. 

The form of apparatus used for generating hytlrosulphuric 
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Fig. 41. 



acid, and passing it into water or saline solutions, is repre- 
sented in the figure (728). 
The finer tubes, d and /, Fig. 40. 

, may usually be bent in the 
naked flame (88), the ex- 
tremities bein^ afterwards 
slightly fused with the 
blowpipe in order to round 
off the sharp edges ; and 
care must be t^en that 
the wider tube e is of suf- 
cient calibre to admit of the 
tube d passing fireely down it. 

96. Attach a narrow tube at right angles to a wider one. 
Heat the wider tube to red- 
ness at the point where the 

{'unction is to be made ; and 
)y means of a bit of waste 
rod or tubing c, draw it out, 
when it will assume the form 
represented in the figure ; then 
with a sharp file remove the 
portion c at the point 5, and 

fuse to the projecting piece thus left, the smaller tube, in 
the manner described in (93). 

97. Blow some small bidbs. When it is required to blow 
a bulb at the end of a tube, the 
extremity should be closed as in 
making a test tube, (89) ; if the 
glass IS tolerably thick, and the 
bulb to be blown not large, all that 
is necessary is to heat the end for 
about half an inch as strongly as 
possible ; and then, having removed 
it from the flame, and holding it 
horizontally in the hands, to blow 
air into it until the pressure forces 
the softened glass to expand, which 
it will do in the form of a round 

bulb if the heat has been properly applied, and the tube be 
kept constantly turned round while in the hands. This 
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latter precaution ia absriotelj neccMaiy, wb Ae aoAad 

Slass woald otherwiae bend with its own wog^ m cai 
irection, thua deatroring the proper fanii of die tube. 

98. Seal a few tubee kermekctUfy mi iath amb. TUsii 
an operation of very frequent nae in the labontQiyy m i 
farniahes the moat conyenient and efficient menna cf j» 
aerving small apecimena of manj nie sobatencea^ Cif^ 
daily such aa are volatile* 

The tube ia firat aealed at one end, predadpit 

Fia. 43. if it vere intended for a teat tube (89): the fini 
or other aubstance for which it is dengned, ii» 
introduced aa aoon aa the tube ia quite cdd, cai 
being taken that the upper part of the tnb^ is di 
wetted or aoiled. The flame of the blowpbef 
now directed to the poition of tiie tobe a litde mm 
that intended for the aealed end, and when aaifr 
ciently soft, it is drawn out to a canilluj tobe» «ji 
allowed to cool: it may afterwaxoa be aealed If 
fuung the lower part of the capillaij tobf ^ If 

momentary contact with the flame. 

In this way seal a little sulphur in a tube wifhDOt veil* 

ing or volatilizing any of it, tibe sulphur being within ti 

inch and a half of the upper end. 

99. Seal some water hmnetically in a tube. Having aealed 
the tube at one end, while it is cooling, take another piece 
of tubing, which may be eight or nine inches long, and a 
quarter of an inch in diameter, and draw it out in the bkiw- 
pipe flame ; then divide it in the thin part by means of a 

Fig. 44. 




file, when it will have the form shown in the figure ; and 
when the sharp edges have been rounded off in the blow- 
pipe flame, may be used as a pipette for introducing a little 
water into the sealed tube without wetting its sides. 

Then draw out the capillary neck (98), and when cold, 
seal it as before, leaving not more than the space of aa 
inch between the upper end and the surface of the water. 
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CHAPTER IV. 

EXPERIMElfTS WITH THE MOUTH BLOWPIPE. 

100. Before proceeding to any blowpipe experiments, it 
is necessarj to acquire the knack of keeping up a constant 
and unintermitting blast of air from the mouth, as without 
this, it is impossible to raise the heat to a sufficient degree 
of intensity. The habit is readily acquired, and when 
once attained, the mouth and lungs do their work almost 
mechanically, without any sustained efibrt on the part of 
the operator. 

101. The learner may first observe that on closing the 
lips, he c^n still, without any difficulty, breathe through the 
nostrils : let him now distend the cheeks with air from the 
lungs, and he will find that on closing the communication 
between the mouth and throat he can breathe through the 
nostrils for a length of time, still keeping the cheeks dis- 
tended. He may next introduce the mouth-piece of the 
blowpipe between his lips, and having pufied out his 
cheeks with air from the lungs, and again closed the com- 
munication between the mouth and throat, let him breathe 
freely through the nostrils, at the same time allowing the 
distended cheeks to force a current of air through the 
blowpipe. When the stock of air in the mouth is nearly 
exhausted, a fresh supply is sent up from the lungs, when 
the cheeks, again distended, will by their elasticity keep up 
a current of air through the blowpipe, while the operator 
breathes through the nostrils as before. 

The cheeks thus play the part of an elastic bag, with a 
valve opening inwards, which, if connected with the blow- 
pipe, and distended with air, would force air through it as 
long as the tension of its stretched sides exerted sufficient 
pressure. 

102. Seal a few tubes for the following experiments. 
The tubing employed for this purpose should be about a 
quarter of an inch in diameter, and it may be cut into 
pieces about five inches long, each of which will serve for 
two tnb^s. The pealing should be efiected in the manner 
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Fig. 45. 




already described (89), and the same care relative to the 
deoxidizing flame is necessary, as when the water blow- 
pipe is used (84). 

103. Heat a small fragment of wood or paper in a tube, 

and observe that it blackens 
like all organic substances.* 
This blackening or charring 
is owing to the decompositum 
of the lignine, which consists 
of C„HjPj^; when exposed 
to a high temperature the 
hydrogen and oxygen, with a 
portion of the carbon, pass off 
in the form of acetic or pyro- 
ligneous acid(HO,C^H303) and 
tarry matter, with other vola- 
tile compounds, leaving be- 
hind a carbonaceous residue. 
The acid character of the va- 
por may be seen by introduc- 
ing a strip of moistened litmus paper into the upper pait 
of the tube while the decomposition is going on, when it 
will be speedily reddened. 

104. Treat a fragment of horn {C^ll^fi„) or isinglass 
(CgjjHgaNjPaJ similarly in another tube if observe the 
character of the carbonaceous residue, and introduce a bit 
of yellow turmeric paper, which will be turned brown, 
showing that the vapor is alkaline ; this is owing to the 
presence of ammonia (NH^), which is almost invariably 
produced when an organic compound containing nitrogen 
IS decomposed by heat. The odor of the fum^s should 
also be noticed, and contrasted with those formed in the 
last experiment. 

105. Heat a little gypsum or sulphate of lime (CaO,S0j 
+2Aq) in a tube, and note whether it undergoes any 
change. It parts with the two equivalents of water of crys- 
tallization, which condense in the upper part of the tube. 

* In this and most of the following experiments, especially when the 
substance operated on is of a deleterious or poisonous nature, the quantity 
use<l should not exceed a pin's head in size. 

t When a tubals at all soiled in an experiment, it is unlit for farther use. 
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106. Treat a crystal of sulphate of iron (FeO,S03+6Aq) 
in a similar manner, observing the successive changes 
which are produced, and examine the liquid which con- 
denses in the upper part of the tube, with litmus paper. 

When first heated, five equivalents of water are expelled, 
leaving a whitish powder, which consists of the sulphate 
with one equivalent of water (FeO,S03,HO). On continu- 
ing the heat, the sulphuric acid is volatilized, a portion of 
it being decomposed by the protoxide of iron, which is con- 
verted into peroxide by the oxygen derived from the acid. 

2(FeO,S03)= S0,+ S0,+ Fe O3. 

107. Repeat the experiment, using sulphate of potash 
[K0,S03) instead of sulphate of iron : the decrepitation is 
owing to the escape of a little water, which is mechanically 
lodged between the plates of the crystals. The salt under- 
goes no further change. 

108. Sublime a little calomel (HgCl), and corrosive sub- 
limate (HgCl,), in two separate tubes, and note the different 
appearances which are presented in both cases. 

109. Heat a little red oxide of mercury (HgOJ in a 

tube ; observe the rapid change which it undergoes, and the 

minute globules of metallic mercury which condense in the 

upper part of the tube. If a glowing match be introduced 

while the decomposition is going on,* it will indicate by its 

vivid combustion, the presence of free oxygen. 

HgO,=%+20. 

110. Repeat the experiment with some red oxide of lead 
(PbjOJ, and observe in what respects the results differ from 
the last. The yellowish residue which is left is protoxide 
of lead or litharge (PbO), one-fourth of the oxygen being 
expelled. 

Pb30,=3PbO+0. 

111. Heat a little arsenious acid (ASO3) in a tube, and 
observe closely the ^characters of the crystalline sublimate 
(302). . 

112. Mix together equal portions of nitre (KO,NOg) and 
bisulphate of potash (KO,HO,2S03), and heat the mixture 
in a tube ; test the nitrous vapor which is given off, with 
litmus paper, and endeavor to account for its formation. 

• The oi>en end of the tube may be loosely closed by the finger, to retard 
the escajie of the disengaged oxygen. 
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113. Heat a mixture of pounded fluor spar (CaF) and 
bisulphate of potash (K0,H0,2S03) in a glass tube. The 
corrosive action* on the glass is owing to the formation of 
hydrofluoric acid (HF). 

KO,HO,2S03+ CaF= HF + CaO,SO,+ KO.SO,. 

114. Mix a little iodide of lead (Pbl) with bisnlphlBite of 
potash, and heat the mixture in a tube : the beautiAil yiolet 
colored vapor which rises and condenses in the upper part 
of the tube is iodine. 

PbI+KO,HO,2S03=PbO,S03+KO,S034.H+L 
116. Fuse a little phosphate of lead (3PbO,PO,) on char- 
coal, and observe the semi-transparent crystalline appear- 
ance of the bead on cooling (412).* 

116. Heat a little oxide of zinc (ZnO) on charcoal ; ob- 
serve that it assumes a yellow color when heated, bctt 
becomes white again on cooling. 

117. Notice the change of color that ensues when cbro- 
mate of lead (PbO,Cr03) is gently heated, and observe 
whether the yellow color returns on cooling. 

118. Repeat the experiment with red oxide of mercury 
(HgO,), taking care that the heat is not raised so high as 
to cause decomposition (109). 

119. Mix together a little chalk (CaO,CO,) and charcoal, 
and ignite the mixture in a tube : carbonic oxide gas is 
given off, which will burn with a blue flame. 

CaO,CO,+C:=CaO+2GO. 

120. Heat a small crystal of carbonate or any other salt 
of soda on platinum wire (which should be fused into a 

Fig. 46. 




Fig. 47. 




^lass handle, and bent at the end as shown 
m the figure), and observe the intense yellow 
color it communicates to the blowpipe flame. 

* When charcoal is used as a support in blowpipe 
experiments, it shoudd be out into slices about the third 
of an inch in thickness, haying a small cayity soooped out 
with the point of a knife, in which to lodge the snbetanee 
to be heated. The charcoal may be oonyeniently hekl 
during the experiment in a loop of tin plate, in the man- 
ner shown in the figure. 
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Then wash the wire, and compare its action on the flame 
with that caused by the soda. 

121. Repeat the experiment, using nitrate of strontia 
(SrO,NO^) instead of the soda : the color of the flame will 
become crimson. 

122. Heat a little chalk or marble (CaO,COJ on char- 
coal, and note the dazzling white light which is produced, 
showing that the illuminating power of flame is not de- 
pendent only oif the degree of heat, but on the presence of 
some solid matter in the flame ;* since the blowpipe flame, 
which heats it, and which is of course at least as hot as the 
lime, emits scarcely any perceptible light. 

During the ignition, the carbonate of lime is decomposed, 
and caustic lime (CaO) is left, the alkaline nature of which 
may be shown by placing a fragment of it, after ignition, 
on moistened turmeric paper, which will become brown at 
the point of contact. 

123. A piece of alumina (Alfi^) or alum (Alj03,3S03+ 
KO,S03+24Aq) ignited in the flame, radiates a faint bluish 

124. Dip a glass rod in a solution of nitrate of cobalt 
(CoO,NOJ, and moisten a small crystal of alum with it ; 
then ignite it on charcoal for a few minutes, and observe 
the beautiful blue color which it assumes. This is a 
highly characteristic test for alumina. 

125. Repeat the experiment, with sulphate of magnesia 
(MgO,S03+7Aq), which, when ignited with nitrate of co- 
balt, gradually assumes a pale rose color. 

126. A salt of zinc, as the sulphate (ZnO,S03+7Aq), 
when similarly treated, becomes green. 

It is easy,, therefore, to distinguish between alumina, 
magnesia, and zinc, in this simple manner. 

127. Heat a fragment of tin in the deoxidizing flame 
until it fuses into a bright metallic globule : when white 
hot, throw it on the table, when it will divide into numerous 
small globules, which run rapidly about, burning with a 
white light, and leaving behind them white trains of oxide 
(SnO,). 

128. Heat another fragment of tin, and keep it fused and 

• See Darnell's Chemical Philosophy, p. 361, 
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bright in the deoxidizing flame for two or three minutes; 
then oxidize it in the outer flame, and again reduce it tO' 
the metallic state. 

129. Heat a little acetate of lead (PbO,C^H303+3Aq) 
on charcoal : observe first the liberation of acetic acid 
(H>?,>r^H^C'^) and the deposition of a portion of the carbon; 
and on a further application of heat, the oxide of lead first 
deposited is reduced to the metallic state, especially when 
it is kept in the deoxidizing flame. The j^llow ring which 
surrounds the metallic bead is protoxide of lead (PbO). 

130. Reduce oxide of bismuth (Bi,03) in the same way: 
compare the beads of the diflerent metals thus obtained, as 
to outward appearance* crystalline structure, malleability, 
&c. 

131. Heat a small crystal of sulphate of copper (CuO, 
SOj+OAq) in the reducing flame on charcoal, and observe 
the successive changes which it undergoes ; first into black 
oxide (CuO), and ultimately into a bead of metallic copper. 
Hnuuner out the globule, so as to render visible its peculiar 
color. 

132. Mix together a little sulphate of baryta (BaO,S03) 

and charcoal in a mortar, and fold a 
Fig. 48. small quantity of the mixture under 

^m -| one corner of a slip of platinum foil. 

J^\ Heat it strongly in the blowpipe flamd, 

mmmm ^^^ vfYien the ignited mixture is cool 

C-— ' again, put it into a small tube, and 

treat it with a drop or two of dilute 
hydrochloric acid (ffC/). Observe the efiervescence caused 
by the escape of hydrosulphuric acid gas (H3), which may 
be recognized by its peculiar odor, and by a piece of paper 
moistened with a solution of acetate of lead, which is in- 
stantly blackened by it (438). In this experiment the 
sulphate of baryta is deoxidized by the charcoal, becoming 
sulphide of barium (BaS), which, when acted on by hydro- 
chlonc acid, is decomposed, and hydrosulphuric acid libe- 
rated. 

Decomposition during ignition. 

BaO,S03+2C»BaS+2CO,. 

Decomposition caused by the hydrochloric acid. 

BaS+HCl^BaCl+HQ. 
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133. Sublime a little sulphur in a small tube open at 
both ends: while in the state of vapor in contact with the 
atmospheric oxygen, it becomes converted into sulphurous 
acid (SO^), the presence of which may be shown by its 

Eroperty of reddening litmus-paper when moistened, and 
leaching it when dry : its smell also is well known and 
eharacteristic. 

134. Heat a small quantity of sulphide of antimony 
(SbSj) in an open tube : ob- 
serve the formation of oxide 
of antimony (Sb03) which ap- 
pears as white fumes, and test 
for the presence of sulphurous 
acid (^OJ as in the last expe- 
riment. Here the oxygen of 
the air has oxidized both the 
sulphur and the metal. 

135. Scoop out a cavity in 
a piece of charcoal a, and 
Aearly fill it with a paste made 
of phosphate of lime (SCaOySPO^) and 
water, b: dry it on the sand-bath, and 
when quite dry, place a fragment of 
lead upon it. Expose it to the oxidizing 
flame, and observe that the oxide of lead 
(PbO) as it is formed, is absorbed by the porous phosphate 
3f lime, while any silver which may be present is left 
unoxidized, as a small metallic bead. This process is 
called cupellation, 

136. Fuse a little carbonate of soda (NaO,CO,) on char- 
coal, and observe that it is absorbed, owing to 
the capillary attraction of the porous charcoal. 

137. Make a bead of glass, by fusing a mix- 
tare of carbonate of soda and silica (8103) (427). 

138. Add a little sulphate of lime to the 
bead formed in the last experiment : heat it 
strongly in the deoxidizing flame, and remark 
the yellow color which it assumes, owing to 
the formation of sulphide of sodium (NaS). 

NaO,Si03+CaO,S03=.CaO,Si03+40+NaS. 

139. Mix a little black oxide of manganese 



Fig. 60. 




Fig. 51. 




£6 SPECIFIC GRAYITT. 

water. Then by dividing ike weight in air by the loss, or 
the weight of an equal bulk of water, the specific gravity 
is ascertained. 

^^^' '° ^^ = Speoifio gravity. 
Loss 

In this way determine the specific gravity of some of the 
following substances : — marble, amber, iron-pyrites, sul- 
phate of baryta, jet, lead, zinc, glass, and agate,* 



SECTION n. 

Specific gravity of solids lighter than water. 

146. If the solid be lighter than water, as cork, a alight 
modification of the above process is necessary. 

Weigh the substance first in air : then select a piece of 
lead of sufficient size to sink the light body in 

Fig. 54. water when attached to it, and weigh it (the 
lead) in water, suspending it by means of a 
hair loop, as before. K now the light sub* 
stance be enclosed in the same loop with the 
lead, and immersed in water, it will be found 
that they will together weigh less than the 
lead did alone, owing to the buoyancy of the 
lighter body ; and this difierence, when add- 
ed to the weight of the body in air, is equal 
to the weight of a corresponding bulk of 
water. 

The results may be thus recorded: — 

Weight of body in air . . , . = 

Weight of lead alone in water . . ^3= 
Weight of lead with body attached, in water = 

Difierence . . = 
Add weight of body^n air . . . = 

Weight of an equal bulk of water . . = 

Having thus obtained the weight of the body in air, and 

• The following are the specific gravities of these substances, some of 
which, however, vary considerably. Marble 2.70 ; amber 1.08 ; iron py- 
rites 4.90 ; sulphate of baryta 4.47 j jet 1.30 j lead 11.35 j zinc 7.00j flint 
glass 3.30 ) and agate 2.60. 
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the weight of an equal bulk if water, the specific gravity 
is calculated as before. 

Weight in air o -a •*- 

— :s Specific gravity. 

Weight of equal bulk of water 

. In this way ascertain the specific gravity of wood, cork, 
and charcoal.* 



SECTION m. 

Specific gravity of insoluble powders. 

147. When the substance, whose specific gravity we wish 
to determine, is in the form of powder, or even small lumps, 
it is clear that some other method must be adopted than 
those just described. The following is the most simple, 
and, for common purposes, sufficiently accurate. Coun- 
terpoisef a small bottle furnished with a stopper ; then fill 
it completely with distilled water, close it with the stopper, 
taking care that no bubbles of air are left in, and weigh to 
determine the quantity of water it contains.} Having done 
this, empty the bottle, and dry the inside either with a cloth, 
or with fragments of filtering paper. 

It must now be filled about two-thirds full of the powder 
to be examined, again weighed, and the bottle then filled 
cautiously with water, care being taken that all air bubbles 
are expelled, and that none of the powder is washed out. 
Again weigh. 

From the data thus obtained, the specific gravity may be 
calculated as follows : — 

Weight of the powder and water . . = 
Weight of the powder alone . . = 

DifiTerence a= weight of water left in the bottle 

Weight of bottle full of water . . = 

Water left in the bottle after > __ 
the powder was added ^ * * 

* The specific gravity of these substances varies considerably, according 
to the degree of porosity : the following may be considered as the usual 
average : wood (beach) 0.85 ; cork 0.24 j and charcoal 0.2 to 0.5. 

t This is done by putting shot or strips of lead in a pill box, which, when 
placed in the opposite scale, are adjusted until their weight is equal to that 
of the bottle. 

J Bottles may be purchased which are made to contain eiafcXVj VQKiKi 
grains of distilled water. 
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Weight of water displaced by, and ) ^^ 

equal in bulk to, the powder J ' ' ^^^ 

Then as before: — - 

Weight of the powder ^ ^^.^^ ^^^ 
Weight of water displaced 

In this way ascertain the specific gravity of sand, pounded 
glass, and shot.* 



SECTION IV. 

Specific gravity of liquids. 

148. With a bottle similar to that used in the last ex- 
periment, the specific gravity of liquids may be readily 
determined, t 

Counterpoise the bottle, and weigh it full of distilled 
water: then, by filling it successively with other liquids, 
weighing, and comparing the different weights with that of 
water, the volume of liquid being always the same, the 
specific gravity is obtained by proportion, thus: — 

Weight of bottle full of water : 1.000 : : Weight of liquid : Specific gravity. 

Care must be taken to clean the bottle thoroughly after 
each experiment, by washing it first with distilled water, 
and then with a little of the liquid whose density is to be 
ascertained. 

Some of the following may be taken for practice: — Alco- 
hol, solutions of chloride of sodium, sulphate of magnesia, 
ahim, carbonate of soda, sulphate of lime, sulphate of soda, 
bicarbonate of soda, sulphate of copper, nitrate of potash, 
sulphate of zinc, and cream of tartar. 

149. The specific gravity of liquids may also be deter- 
mined by another process, which though not capable of 

• The specific gravity of sand is about 2.60 j fiint glass 3.30; and shot 
11.35. 

t As the space occupied by a given weight of liquid varies with the tem- 
perature, or, in other words, as the weight of a given volume of any liquid 
is greater or less as the temperature is lower or higher, it is necessary to 
observe that the temperature of the liquid during the experiment does not 
vary much from 62°, which is usually taken as the standard. Fpr the 
same reason the bottle should not be touched by the warm hand during the 
experiment, as otherwise the heat would cause the liquid to expand, and 
become specifically lighter: this may be avoided by interposing a linen 
cloth between the hand and the glass. 
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to much accuracy as the last, is frequently Kg. 55. Fig. 56. 
useful when a specific gravity bottle is not 
at hand. 

Take a piece of solid glass rod, about 
the size of the figure, with one end drawn 
out and turned in the blowpipe flame. 
Weigh it first in air and then in water, 
suspending it with a hair-loop. Then, 
having wiped it dry between each expe- 
riment, weigh it successively in the liquids, 
the specific gravities of which are to be 
determined. The difierence between the 
weight of the glass in air and in the liquid, 
representing in each case the weight of a 
volume of the liquid equal to that of the glass, and know- 
ing the weight of a similar volume of water, the specific 
gravity may be known by simple calculation. 

Thus :— 

Weight of glass in air . 
Weight of glass in liquid 

Loss .... 



^■? 



which is the weight of an equal volume of the liquid. 
Then by proportion. 

Weight of equal > . ^^w. ( Weight of equal ) C Specific gravity > 
Tolame of water $ * ^"^ * * ( volume of liquid J * J of the liquid J 

Determine in this way the specific gravities of some of 
the solutions already mentioned, and compare the results 
with those obtained with the specific gravity bottle. 



CHAPTER VI. 



HEATING SUBSTANCES IN GASES. 



SECTION I. 



Beduction of metallic oxides by hydrogen. 

150. A large number of the metallic oxides are decom- 
posed and reduced to the metallic state when heated in an 
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atmosphere of dry hydrogen gas; and from the facility with 
which the operation may be performed, and the accurate 
results it gives when carefully conducted, it is frequently 
employed in estimating the quantity of oxygen in osidized 
compounds. 

151. The apparatus which is required for the purpose 
is shown in the figure. The bottle a is chained with zinc 




and dilute sulphuric acid to generate the hydrogen, which 
is dried while passing over fragments of chloride of cal- 
cium in the tube e; the gas then passes into the bulb tube 
ft, which contains the oxide to be reduced, the bulb being 
healed by the lamp placed beneath. 

152. Take a piece of tubing e about twelve or fifteen 
inches long, and half an inch internal diameter, and hav- 
ing slightly fused the cut edges in the blowpipe flame (85), 
adapt a cork to each end: then, with a cork-borer or round 
file, perforate the corks so as to receive the small tubes 
d and m.* Remove one of the corks from the large tube, 
and push down to the other end a small loose bit of tow 
or cotton wool, and nearly fill it with fragments of chloride 
of calcium (763) ; put in another bit of tow (the use of 
which is to prevent any of the smaller fragments falling 
out), and again fix the cork and small tube. 

Next adapt a cork to the bottle, which should have a 
tolerably wide neck, and bore in it two holes to fit the 
tubes b and c, which pass through it, the former reaching 

■ Wlien the lube is ofBiiob a diameter m cnnnol be eisctly matched bf 
any of th« coik Ixirera in tlie Bet, the holes should be bored by B smallei 
one, and allerwsrJs enlarged by means of a round ille, until it is of BulE- 
ojgnt calibre lo edmil the tube, wbkh must always At peifecily tiglii. 
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nearly to the bottom of the bottle, the latter passing only 
just through the cork. Put 150 grains of granulated zinc 
into the bottle, fill it about one-third full of water, and fix 
the cork containing the tubes b and c. 

153. In order to connect the different parts of the appa- 
ratus together, make two caoutchouc connectors y and g. 
This is done by loosely folding 

a piece of sheet caoutchouc Fig- 58. 

about an inch and a half square, 
round a piece of rod or tubing 
of the same diameter as the 
tubes which it is intended to 
join together, and cutting off 
with one stroke of a pair of 
sharp scissors the superfluous 
ends; when this is properly 

done, the cut edges cohere, and when slightly pressed toge- 
ther by the thumb-nails, the junction becomes almost as 
strong as any other part of the tube. Care must be taken 
to avoid touching the newly cut edges, as the least dirt or 
moisture upon Ihem would prevent them cohering properly 
together. It is then carefully removed from the rod, and 
is ready for use. 

154. Having made two of these connectors, weigh the 
bulb tube accurately, and place in the bulb a small quan- 
tity of oxide of copper (CuO) ; again weigh, to ascertain 
the weight of oxide operated on, and connect the appa- 
ratus as shown in the figure. The caoutchouc tubes should 
be firmly tied round with strong twine or silk, which 
should be passed under and over, and tied at each half 
revolution to ensure perfect tightness of the joint. The 
apparatus being thus arranged, pour a little dilute sul- 
phuric acid down the funnel tube b (12), and when the 
gas has been coming over about five minutes, apply a gen- 
tle heat to the bulb, and gradually increase it as long as 

any water is formed. 

CuO+H=Cu + HO. 

It is necessary to observe the precaution of not applying 
the heat immediately, since the apparatus at first contains 
an explosive mixture of hydrogen and common air, which 
would, if heat were applied, be in great danger of explod- 
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ing (17) and seriously injuring the operator ; by allowing 
five minutes to elapse, however, the whole of the commoa 
air is expelled, and the bulb maybe heated without danger. 
156. When the decomposition appears to be complete, 
no fresh water being produced,"^ expel by heat any moist- 
ure that may have condensed in the cool end of the tube^ 
remove the lamp, and allow the bulb*tube to cool ; then 
disconnect the apparatus, and weigh the bulb containing 
the reduced metallic copper, the loss of weight indicating 
the quantity of oxygen that has been removed. Ascer- 
tain by calculation the per centage of oxygen in 100 parts 
of the oxide, and compare the experimental result with 
what is theoretically correct, the atomic weight of copper 
being thirty-two, that of oxygen eight, and that of the oxide 
forty. 

SECTION II. 

Heating substances in an atmosphere of carbonic acid. 

156. It is sometimes required in analysis to separate two 
substances, one of which is volatile at a high temperature, 
and the other fixed, so that by merely heating the mixture, 
and weighing before and afterwards, the weight of each 
ingredient is determined. In some cases, however, it hap- 
pens that the non-volatile body when heated in atmospheric 
air, combines with oxygen, forming a volatile compound, 
so that here it is necessary to conduct the operation in an 
atmosphere of some gas incapable of combining with it, as 
hydrogen or carbonic acid. For instance, in the analysis 
of gunpowder, which consists of a mixture of nitrate of 
potash (KO,NOJ, sulphur, and charcoal, the nitrate of 
potash is first dissolved out with water, and the insoluble 
residue, consisting of sulphur and charcoal, is heated in a 
current of hydrogen or carbonic acid, when the sulphur, 
being volatile, is expelled ; whereas, if the mixture were to 
be heated in common atmospheric air, the carbon as well 
as the sulphur would disappear, since it would combine 

* This is known by holding a piece of oold glass close to the opening at 
the end of the tube, and observing whether any moisture is condensed upon 
its suiliice; if not, it may be inferred that no water is coming oft 
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^th oxygen, and become converted into carbonic acid 

(Co,), which is a gas. 
157. The apparatus required for this purpose is the 

same as that used for the reduction of metallic oxides by 
ijdrogen (151). Fill the generating bottle a about one- 
tliird full of water, and put in some fragments of marble 
(CaO,COj): when the apparatus is arranged, pour in from 
time to time a little hydrochloric acid through the tube 
J, so as to maintain a moderate effervescence (19). Weigh 
the bulb tube, and put into it a little of the mixture of 
sulphur and charcoal ; weigh a second time, to ascertain 
how much is used in the experiment, and connect the 
apparatus together. Allow the gas to come over for about 
five minutes, in order to displace the common air, (which 
might otherwise cause the volatilization of some of the 
charcoal, by conversion into carbonic acid,) and then heat 
the mixture as long as any sulphur is volatilized. As soon 
as the apparatus is cold, weigh the bulb-tube again, when 
the loss of weight will represent the quantity of sulphur 
contained in the mixture. The per centage of sulphur is 
then ascertained by calculation. 

Weight of mixture : loss of weight : : 100 : per centage of sulphur. 



SECTION III. 

Preparation of Perchloride oj' Iron (Fe^Clj). 

158. When metallic iron is heated in a current of chlo- 
rine gas, the two substances combine, forming perchloride 
of iron. The chlorine is generated in a retort a, to the 
beak of which a tube, bent at right angles 6, should be 
adapted by means of a perforated cork. The retort is then 
charged with 700 grains of a mixture of black oxide of 
manganese (MnO,) and common salt (NaCl), (in the pro- 
portion of three parts of the former to four of the latter,) 
on which should be poured two ounces of water. Remove 
the tube funnel b from the bottle used in the two last 
experiments (151), and substitute a piece of tubing e, 
sufficiently wide to admit the bent tube 6, and reaching 
nearly to the bottom of the bottle, which should be filled 
7 
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about a fourth part full of water. The rest of the appa 
ratus is the same as that used in the reduction by hydrog-" 
(151), only substituting the straight tube rf, which may 
six or eight inches long, forthe bulb-tube before employed 
and put into it thirty grains of clean iron wire. 



Fig. 69. 




159. When the apparatus is connected together, slowly 
pour into the retort through a funnel one ounce of strong 
;sulphuric acid {HOySO^)y to disengage the chlorine from 
the mixture of manganese and salt ; and if the gas does not 
come over properly, apply a very gentle heat. 

MnO^+mCl+2{HO,SO,)=MnO,SO^+J\raOySO^ 

+2H0+01 

The gas, when generated, passes through the water in 
the bottley*, which retains any hydrochloric acid with which 
it may be impregnated; and having passed over chloride 
of calcium in the tube c, arrives in the tube containing the 
iron, in a pure and dry state. 

When the apparatus is filled with the chlorine, apply a 
gentle heat to the iron wire, and observe the beautiful scaly 
crystals of sesquichloride of iron (FegClg), which sublime 
and condense in the cool end of the tube. Remove a few 
of the crystals from the tube, and remark with what avidity 
they absorb moisture from the air when exposed to it for a 
few minutes. 

Dissolve a little of the chloride in distilled water, and 
add ammonia (JVf/g) in slight excess : the brown precipitate 
which is produced, is hydrated peroxide of iron (280). 
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CHAPTER VIL 

ALKALIMETRY AND ACIDIMETRY. 
SECTION L 

Alkalimetry, 

160. The process of alkalimetry has for its object the 
determination of the quantity of real alkali or alkaline car- 
bonate in any given sample, and is founded on the prin- 
ciple that the quantity of alkali \^hich is neutralized by a 
known quantity of acid, is always constant and uniform, 
in obedience to the well known laws of combination in 
definite proportions. 

For example, forty-nine parts by weight of oil of vitriol 
(HOySO^) combine with thirty-two parts of so<la (NaO), 
and when the two substances are brought together 
in these proportions, the resulting compound (sul- Fig- go. 
phate of soda NaOjSO,), is a perfectly neutral salt ; .^ 
but if the relative quantity of acid or alkali be 
greater or less than those specified, then there will 
be an excess of one of them present, and the solu- 
tion containing them will be no longer neutral to 
test paper. Hence it appears that if we have an 
unknown quantity of pure alkali in a solution, we 
can, by treating it with an acid of known strength, 
and observing how much of the acid is required 
to neutralize it, readily determine the per centage 
of potash or of soda in any specimen. 

161. The apparatus employed for this purpose 
is a tube, capable of holding 1000 grains of dis- 
tilled water, graduated into 100 parts, the divisions 
being numbered from the open end downwards, 
as in the figure. At 65 degrees there is a line 
scratched, marked carbonate of potash; at 54.6, 
another line marked carbonate of soda; at 49, 
potash; and at 23.5, soda; numbers, it will be observed, 
which bear similar relations to each other as the atomic 
weights of the compounds, whose names they are associated 
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loose plug of tow or cotton wool at each end, in the man- 
ner already described (152). Bend a piece of quill tubing 
in the form shown at d (88), and by means of perforated 
corks, connect the two tubes with a flat-bottomed flask, 
capable of holding ten or twelve ounces of water. Select 
a tolerably wide test tube, of such a size as will stand in 
the flask in an inclined position as shown in the figure, and 
nearly fill it with strong hydrochloric acid (HCl). 

175. Put into the flask twenty grains of marble (CaO,COj) 
in small fragments, and pour upon it about an ounce of 
water: then cautiously introduce the tube c containing the 
acid, taking care that none of the acid is allowed to come 
in contact with the marble ; connect the chloride of cal- 
cium tube with the flask, and accurately weigh the whole 
apparatus. Now gradually incline the flask, so as to allow 
the acid to flow slowly upon the marble ; the carbonic 
acid is disengaged with effervescence, is deprived while 
passing over the chloride of calcium, of the moisture with 
which it- is impregnated, and passes off through the small 
aperture in the tube 6, leaving the apparatus of course 
lighter than before. 

CaO,C02+HC/= CaCl+HO+CO^. 

176. When the effervescence has ceased, the flask should 
be gently warmed, and when cool again, the cork may be 
removed, and air drawn through the flask by means of a 
small piece of tube, to abstract the whole of the carbonic 
acid with which it is filled, and which, being heavier than 
common air (22), would add to its apparent weight. The 
chloride of calcium tube is then replaced, and the whole 
apparatus again weighed ; the loss of weight being of 
course that of the carbonic acid expelled. By multiplying 
this loss by 5 (20x5=100), the per centage of carbonic 
acid in the marble is obtained. 

177. Ascertain in the same way the per centage of car- 
bonic acid in the carbonate (NaO,COj,+ 10Aq) and bicar- 
bonate of soda (NaO,HO,2COJ. 
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tightly with the thumb, and invert the instrument five or 
six times successively, in order to mix the acid and water 
thoroughly and uniformly together: then by cautiously re- 
laxing the thumb, allow the acid to fall drop by drop into 
the alkaline solution, stirring the latter constantly with the 
glass rod until the litmus begins to turn, feebly red. When 
the change of color begins to appear, wash the sides of the 
basin by gently agitating the liquid in it, in order to dissolve 
any of the splashings that may have dried during the process, 
and escaped the action of the acid. When the point of 
neutralization is nearly attained, bring one of the pieces of 
litmus-paper from time to time out of the solution against 
the heated side of the basin; if the redness disappears, 
more acid must be added, the reddening being thus proved 
to have been caused by the carbonic acid dissolved in the 
"water; and the cautious addition of acid must be continued 
until a permanent feeble red color is obtained. 

164. When the neutralization is complete, restore the 
tube to its vertical position, and remove the thumb (which 
until now should not have been for a moment removed), 
scraping it gently, so as to separate most of the adhering 
acid. Allow the tube to remain upright for a minute or 
two, in order that the sides may drain, and then observe 
the degree at which the acid stands, that number repre- 
senting the per centage of dry carbonate in the sample.* 

The decomposition may be thus expressed : — 

JVaO.CO^+HO.SO.^JVaO.SO.+ HO+OO^. 

165. Determine the quantity of soda (NaO) in the same 
sample. This is done in the way described in the last 
experiment, but instead of filling the tube up to the mark 
carbonate of soda with acid, it is filled up to the mark soda^ 
and then up to zero with water. f 

* The atomic weight of crystallized carbonate of soda (NaO,COa+10Aq) 
being 144, and that of the dry salt (NaOjCOg) 54, the per centage of the 
latter, supposing the crystallized salt to be pure, may be calculated as fol- 
lows : — 

144 : 54 : : 100 : x = per centage of dry carbonate of soda. 

f If the crystallized salt is pure, the per centage of soda may be calcu- 
lated as follows: — 
Ate. wt. of crystd. carbonate of soda. Ate. wt of soda, per cent, of soda. 

^ y / ^ y * "^ V -— ' 

144 : 32 : : 100 : x 
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166. Ascertain experimentally the per centage of potash 
(KO), and of dry carbonate of potash (KOjCOJ, in the crys* 
tallized carbonate (K0,C0,+2Aq).* 

SECTION n. 

Acidimetry. 

167. The process of alkalimetry being well understood, 
that of acidimetry will require but little explanation, as 
its principle is precisely analogous to that which has been 
described (160). In the former process the object was to 
determine the quantity of alkali by the quantity of acid 
which it was capable of neutralizing; in acidimetry, we 
have to ascertain the amount of real acid in any solution 
containing it in an uncombined form. When the acid 
under examination forms with lime, a salt that is soluble in 
water, its strength may be ascertained by determining the 
quantity of marble or carbonate (CaO,COJ which a given 
weight of it decomposes and dissolves. This process will 
serve for nitric, hydrochloric, and acetic acids. 

168. Determine the per centage of nitric acid (NO^) in 
a specimen of the liquid acid. 

Weigh out 150 grains of pounded marble, put it into an 
evaporating basin, and cover it with about two ounces of 
distilled water. Pour a little of the acid into a glass, and 
thence, by means of a dropping-tube (99), transfer exactly 
100 grains of it into a previously counterpoised capsule. 
Add this in successive portions to the marble, avoiding 
too large an addition at once, lest the effervescence should 
be so violent as to cause some of the liquid to be projected 
over the sides of the basin, and lost. 

When the whole of the acid has been added, wash out 
the dish which contained it, two or three times with dis- 
tilled water, and add the washings to the marble : stir the 
mixture repeatedly with a glass rod, and when the effer- 
vescence appears to have nearly ceased, heat it gently over 
a lamp. 

CaO,CO,+ JVO,= CaO,JVO,+ CO^. 

• The atomic weight of KO is 48 j that of K0,C0j 70 j and that of KOjCO^ 
+2Aq 88. 
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Fig. 63. 



' 169. While this is ^iag on, fit up a washing bottle, tbe 
tnbes for which hare beea already pre- 
pared (94). Two boles must be bored in 
the cork to fit the tubes, which must be 
fixed ia the manner showo in the figure. 
Then prepare a filter according to the 
directions already given (66) ; and hav- 
ing moistened it with distilled water, 
support it over a beaker glass by means 
of a retort stand or perforated block of 
wood. Pour the solution from the eva- 
porating basin down a glass rod into the 
filter, airecling tbe stream, so that it 
may fall upon the sloping side and not 
into the apex, lest ils force should injure 
or break through the paper: wash the last portions of mar- 
ble out of the basin by means of the washing bottle, hold- 





ing the basin in a nearly vertical position. When the 
liquid has for the most part passed through the filler, wash 
the latter with water from the washing bottle, directing the 
stream just below the upper edge of the filler, and con- 
tinning to wash until a drop of the filtered liquid, when 
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Organic Acids^ 

Oxalic i^Ofifi,) 

Tartaric (2 H0,C3Hp J 



Citric .... 

Malic 

Succinic 

Benzoic 

Acetic .... 

Formic 

180. Should the student find 
does not agree with that described, it may be owing to 
some impurity contained in the test liquid, in which case 
he may examine it in the manner described in the section 
on reagents (718). 



(3 HO,C HAi) 
. (2HO,C3H,03) 

. (HO,C,HO,) 
. (HO,C ifA) 

. (H0,C,k303) 

that the action of any test 

. _ _ A a m 



CHAPTER II. 

METALS BELONGING TO CLASS I. 

Potash^ Soday Ammoma. 

181. The three bases belonging to this class are chiefly 
characterized by the solubility in water of most of their com- 
pounds, and the consequent difficulty of obtaining them in 
an insoluble form, and of separating them from one another 
in the shape of precipitates. They are distinguished from 
all other bases by producing no precipitate when tested with 
either of the three classifying tests, viz., hydrosulphuric 
acid, hydrosulphate of ammonia, and carbonate of soda, 
their sulphides and carbonates being all soluble in water. 

Solutions of the uncbmbined or carbonated alkalies are 
alkaline to test paper, turning reddened litmus blue, and 
turmeric brown. 
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SECTION L 

Potash (KO).* 



A solution of chloride of potassium {KCt) may be used. 

182. "When a drop of the solution of a potash salt is 
evaporated on platinum foil and ignited, it leaves a fiixed 
residue, in which respect it differs from ammonia (192). 

183. Observe the action of caustic potash and carbonate 
of potash in solution, on litmus and turmeric paper. 

Test the solution in separate test-tubes with hydrosuU 
phuric acidy hydrosulphate of ammonia^ and carbonate of 
soda. No precipitate is produced in either case. 

184. It must be remembered that in many cases, pre- 
cipitates do not separate at once from the solutions, but 
require time for their development. This is especially to 
be regarded in the precipitation of those salts which are to 
some extent soluble, as the double chloride of platinum 
and potassium, bitartrate of potash, ammonio-phosphate of 
magnesia, and many others. In all such cases, and when- 
ever there is any doubt as to the appearance of a precipi- 
tate, it is better to leave it for a time, and not to decide 
that no precipitation will take place until the mixture has 
stood twenty-four hours. If after that period no precipitate 
appears, it may be safely inferred that none will afterwards 
be formed. It is necessary also in these cases, that the 
solutions should be tolerably concentrated. 

185. (C) An alcoholic solution of bichloride of platinum 
{PtCl^) when added to neutral or slightly acid potash solu- 
tions (especially of chloride of potassium), throws down a 
fine yellow crystalline precipitate, consisting of the double 
chloride of platinum and potassium (KCljPtClg). If the 
potash solution is dilute, the precipitate does not form at 
once ; so that it is necessary, in employing this test, when 
we do not obtain a precipitate immediately, to allow the 
mixture to stand some time (184) before we decide that 
no potash is present. In such cases the best way is to 
evaporate a mixture of the solution of chloride of potassium 
and chloride of platinum nearly to dryness on a water bath 

* Those tests which are most characteristic are dia\iDga\s\ied Vj ^5^. 
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(645), and treat the residue with alcohol, which leaves the 
whole of the double chloride undissolved. 

As ammonia produces with chloride of platinum a similar 
precipitate, it is necessary before deciding that the indica- 
tion is due to potash, to prove the absence of ammonia (194). 

186. (C) Add a solution of tartaric acid (2H0,C^H^0J 
in excess to. that of the potash salt, which should be either 
neutral or with a slight excess of alkali. A colorless 
crystalline precipitate is produced of bitartrate of potash 
(KO,HO,CgH^Oj^). As in the last test, the precipitate does 
not appear immediately unless the solution be concen- 
trated ; so that it must be allowed to stand a short time 
before we satisfy ourselves that no potash is present. 

The separation of the precipitate, in this and other similar 
cases, is much assisted by agitating the mixture with a glass 
rod ; wherever the rod has rubbed against the sides of the 
tube containing it, delicate lines of microscopic crystals are 
deposited before any precipitate appears in the body of the 
liquid. 

187. (C) Ignite a small fragment of a salt of potash on 
platinum wire in the deoxidizing flame of the blowpipe (83), 
and observe the violet color which it communicates to it. 
A small quantity of the potash (KO) is here deoxidized, and 
the volatile potassium (K) thus formed, is again oxidized 
while passing through the outer flame, which combustion 
is accompanied by the violet flame. 

The same color may be observed in the flame of alcohol 
which contains a little potash in solution. 

It is to be observed that in these experiments, the pre- 
sence of any soda prevents the appearance of the violet 
tint, on account of the intense yellow color which the latter 
base gives to the flame. 

SECTION IL 

Soda (Na O). 



A solution of sulphate of soda (JSTaOySO^+lOjlq) 

may be used. 

188. (C) An alcoholic solution of bichloride of platinum 
(PtCl^) gives no precipitate in solutions of soda salts, even 
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when they are concentrated. If the mixture, however, be 
allowed to evaporate spontaneously, delicate yellow needle- 
shaped crystals of the double chloride of sodium and plati- 
num (NaCl,PtCl2) will gradually form, which are so totally 
different in appearance from the corresponding potash 
compound (185), besides being readily soluble in water and 
alcohol, that the two cannot be mistaken for each other. 

189. (C) ^ntimoniate of potash (KOjSbOg) when added 
to soda salts, either neutral or containing a slight excess of 
alkali, produces a white crystalline precipitate of antimo- 
niate of soda (NaO,SbO,) (184). If the soda salt und^r 
examination contains an excess of acid, it should be neu- 
tralized with potash before the addition of the antimoniate, 
as otherwise a precipitate of antimonic acid (HO,SbO,) or 
biantimoniate of potash (KO,2SbO^) might be produced, 
owing to the decomposition of the antimoniate by the free 
acid. 

It is necessary in employing this test, that both it and 
the soda solution should be tolerably concentrated, as other- 
wise no precipitate will be produced (184). 

190. (C) When a fragment of a salt of soda is heated 
before the blowpipe, it communicates an intense yellow 
color to the flame ; the same color is produced also when 
alcohol is mixed with a solution of soda, and burnt. 

191. Neither hydrosulphuric acidy hydrosulphate of am* 
moniay nor an alkaline carbonate^ produce any precipitate 
in solutions of soda, neither does tartaric add (186). 

SECTION III. 

Ammonia (JV^BTj) or with one equivalent of watery which all 
its salts with oxygen acids contain (JYH^O), 

A solution of muriate of ammonia {JVH^Cl) may be used. 



192. (C) When heated on platinum foil, the salts of am- 
monia are all decomposed ; and (unless the acid, like the 
phosphoric or boracic, is fixed at a red heat,) volatilize 
completely, leaving, if pure, no fixed residue. They may 
be in this way readily distinguished from the salts of pot- 
ash and soda. 

8* 
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193. Like potash and soda, ammonia gives no precipitate 
with hydrosulphuric acidy hydrosulphate of ammonia^ or an 
alkaline carbonate, 

194. (C) Bichloride of platinum (PtCl^) throws down in 
ammoniacal solutions, which are not very dilute, a yellow 
crystalline precipitate of the double chloride of platinum and 
ammonium (NH^CljPtClJ, which is very similar in appear- 
ance to that produced in solutions of potash (184, 185). 

If we are doubtful whether the precipitate obtained by 
this test is due exclusively to ammonia, or whether it con- 
tains any potash, the precipitated double chloride may be 
ignited, and the residue digested in water ; if the solution 
thus obtained give any precipitate with nitrate of silver, 
potash is present. The reason is this; the ammoniacal 
compound (NH^Cl,PtCl2) leaves, after ignition, nothing but 
xnetallic platinum ; while the potash compound (KCl,PtCy 
leaves a mixture of metallic platinum and chloride of potas- 
sium, the latter of which, when dissolved in water, and 
tested with nitrate of silver, gives a precipitate of chloride 
of silver (AgCl) (429). 

195. (C) The salts of ammonia are all decomposed when 
gently heated in a test-tube* with a solution of caustic pot- 
ash or sodOy or with hydrate of lime (CaO,HO). The fixed 
alkali here combines with the acid of the ammoniacal salt, 
on account of its superior affinity, and sets free the ammonia. 

NH^O,S03+iCO=KO,S03+NH3+HO. 

The presence of the free ammonia 
Fig. 66. ^^ jj^ ^j^^ upper part of the tube may be 

proved, 

(a) By its well known odor ; 

(h) By its alkaline reaction on tur- 
meric and reddened litmus paper, 
which should be previously moist- 
ened, and then held within the tube, 
care being taken that it does not 
touch any part of it ; and 

(c) By the production of dense 
white fumes of muriate of ammonia 
(NH^Cl), when a rod moistened with 

• When a liquid is to be boiled in a test-tiibe, the latter may be con- 
veniently held in a loop of paper or cloth, as shown in the figure. 
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dilute hydrochloric acid {HCl) is held near the mouth of 
the tube. 

196. Tartaric acid {2H0yC^H^0^^ behaves with ammo- 
nia in the same way as with potash, throwing down a 
colorless crystalline precipitate of bitartrate of ammonia 
(NH^OjHOjCgH^Ojj,), which is, however, rather more solu- 
ble than the bitartrate of potash (186). 

SUfmmary of Class I, 

197. From the experiments now described, it appears 
that the three alkalies may be distinguished from other 
metallic oxides by their producing no precipitate with either 
hydrosulphuric acid, hydrosulphate of ammonia, or an 
alkaline carbonate, one or more of which causes, as we 
shall presently see, a precipitate with all the other bases. 
Hence, if we have a solution which we know to contain 
some inorganic saline matter, and we find no precipitate 
produced in it on the application of those tests, we con- 
clude that the base of the salt is either potash, soda, or am- 
monia. 

For the purpose of distinguishing between the three 
alkalies themselves, we may first test for ammonia, by heat- 
ing with potash (195). If this is absent, add to a tolerably 
concentrated solution some bichloride of platinum or tar- 
taric acid (185, 186), which will enable us to distinguish 
between potash and soda. If these tests give no precipi- 
tate, it is probable that the base is soda, which may be 
confirmed by the behavior of the solution with antimoniate 
of potash (189), and by allowing the mixture with bichlo- 
ride of platinum to evaporate spontaneously, when, if yel- 
low needle-like crystals appear, the presence of soda may 
be considered certain (188). 
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CHAPTER III. 

METALS BELONGING TO CLASS II. 

Magnesia^ Limey Baryta^ and Strardia. 

198. These bases are distinguished from the alkalies 
by the insolubility of many of their salts, especially their 
carbonates and phosphates; so that v^hen treated with 
carbonate or phosphate of soda, they furnish copious pre- 
cipitates. 

* 

SECTION L 

Magnesia (MgO). 



A solution of the sulphate (;MgO,SO^+7^q) is the most 
convenient for the following experiments. 

199. Neither hydrosulphuric acid nor hydrostdphate of 
ammonia give any precipitate in solutions of magnesia.* 

200. (C) Ammonia (JV^ffg) when added to a neutral solu- 
tion of magnesia, separates a portion of it in the form of 
hydrate (MgO, HO), which appears as a bulky white pre- 
cipitate. 

MgO,SO,+JVH,+2HO=MgO,llO+jrH^O,SOy 
The rest of the magnesia remains in solution, in com- 
bination with the ammonia and acid, forming a soluble 
double salt of ammonia and magnesia (JVif^OjJ&g" 0,2503). 
Most of these double salts of ammonia and magnesia being 
soluble in water, and being usually formed when ammo- 
niacal salts are present in excess, the latter have a strong 
tendency to interfere with the action of the reagents, which 
in the absence of ammonia produce a precipitate. For 
example, if the solution of magnesia be mixed with muriate 

* When, as is sometimes the case, the hydrosulphate contains free am- 
monia, it may cause a slight precipitate (200). 
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of ammonia {JfHjCl)^ and then tested with ammonia as 
above, no precipitate is produced. 

201. Collect on a filter, and wash with distilled water, 
a little of the precipitated magnesia obtained in the last 
experiments, and place it while moist, on yellow turmeric 
paper; the magnesia being very slightly soluble in water, 
has an alkaline reaction, and turns it brown. 

202. Solution of caustic potash (KO) precipitates hydrate 
of magnesia (MgO,HO), especially if the mixture is heated. 

J^ 0,503+ ^0+ H0=^ MgO,HO + KO,SO^. 
Ammoniacal salts (as muriate of ammonia), if present in 
the solution, prevent the formation of this precipitate, or, if 
added subsequently, redissolve it. 

203. Carbonate of potash {KO^CO^) gives a white pre- 
cipitete consisting of basic carbonate of magnesia (4MgO, 
3COj,+4Aq). A portion of the magnesia remains in solu- 
tion as bicarbonate, which when boiled is decomposed, and 
the neutral carbonate (MgO,COj) being insoluble, is preci- 
pitated. Ammoniacal salts, if present, prevent the formation 
of these precipitates, and redissolve them if subsequently 
added. 

204. Carbonate of ammonia (2JV!H^ 0,3 COJ gives no pre- 
cipitate unless the solution is boiled, and not even then 
unless it be added sparingly. 

205. Sulphuric acid {HO^SO^)y or sulphate of soda 
(JVaO,503), produces no precipitate in solutions of magne- 
sian s^ts, since the sulphate of magnesia is soluble in water. 

206. (C) Phosphate of soda {2JYaO,HO,PO,) gives a 
white precipitate of phosphate of magnesia (2MgO,HO,PO,) 
provided the solution is not very dilute, and especially on 
boiling. 

The addition of ammonia or its carbonate to the mag- 
nesian solution, renders the phosphate of soda a far more 
delicate test than when used alone, because under those 
circumstances the double phosphate of ammonia and mag- 
nesia (2MgO,NH^O,PO,+ 12Aq) is produced, which is less 
soluble than the phosphate of magnesia, and is conse- 
quently tKrown down from a more dilute solution than 
would furnish a precipitate with phosphate of soda alone. 
If the solution is very dilute, the precipitate does not 
appear at once, but if allowed to stand some little time, 
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a crystalline deposit of the double phosphate grftdually 
separates (184). Agitation of the liquid with a glass rod 
hastens the formation of this precipitate;, and it is re- 
markable that if the tube be rubbed at all with the rod 
during agitation, lines of minute crystals are there first 
deposited. The same phenomenon occurs in the case of 
the bitartrate of potash and others, in which the precipi- 
tate is slowly deposited from a dilute solution. 

As the double phosphate is readily soluble in an excess 
of acid, and slightly so in water, it is necessary that the 
solution shoi^ld be pretty strongly ammoniacal. 

It will be observed that in this test, the effect of ammo- 
niacal salts in the solution is the reverse of that before de- 
scribed (200). When mixed with ammoniacal salts indeed, 
magnesia can be precipitated only by a soluble phosphate. 

207. Oxalate of ammonia {JVH^O^C^O^) gives, in tolera- 
bly strong solutions, a white precipitate of oxalate of mag- 
nesia (MgO,Cj,03), provided no other ammoniacal salts are 
present. 

208. (C) Baryta water {BaO in water) gradually throws 
down a white precipitate of hydrate of magnesia (MgO,H0) 
(184). If the sulphate of magnesia be used, the insoluble 
sulphate of baryta (BaO,S03) will be thrown down at the 
same time. 

MgO,SO^+Ba 0,£rO«MgO,H0, +Baq,S03. 

209. (C) When magnesia or one of its salts is moistened 
with a solution of nitrate of cobalt {CoO^JfO^y and strongly 
heated before the blowpipe, the mixture assumes a pale 
flesh or rose-color. 



SECTION n. 
lAms (CaO). 



A solution of chloride of calcium (CaCl) or nitrate of lime 
{CaO,jyO^+3^q) may be used with the liquid tests. 

210. Place a small fragment of caustic lime on moistened 
turmeric paper; the brown color which is produced showt 
the alkaline nature of lime. 
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211. Ifydrosulphuric acid znd hydrosulphate of ammonia 
fpre no precipitate in solutions of salts of lime. 

212. Ammonia produces no precipitate. 

213. Potash (KO) throws down a white precipitate of 
hydrate of lime from concentrated solutions, which redis- 
solves when treated with a large quantity of water. 

CaCl,+KOyHO=CM,UO+KCL 
If any of the precipitate is insoluble when treated with 
-water, it is probably owing to the potash containing a little 
carbonate, which would cause the formation of the insoluble 
carbonate of lime. If the solution of hydrate of lime be 
exposed to the air, it gradually absorbs carbonic acid, and 
a deposit of carbonate of lime takes place, which dissolves 
"with efierrescence in dilute hydrochloric acid. 

214. (C) Carbonate of potash (KO^CO^) throws down a 
copious precipitate of carbonate of lime (CaOjCOj), which 
is readily soluble with efiervescence in dilute hydrochloric 
or nitric acid. 

CaCl+ KO, C02=CaO,C02+ KCl. 
The quantity of the precipitate increases on boiling the 
mixture ; and its formation is unaffected by the presence of 
ammoniacal salts. 

215. Sulphuric acid (HOySO^) or sulphate of soda (JVa 0, 
SO3), when added to concentrated solutions of lime, give 
an immediate white precipitate of sulphate of lime (CaO, 
S03+2Aq). 

Ca CT+ JVa 0,503= CaO,S03 + JVa CT. 
If the solution is not concentrated, the precipitate may 
not appear at once, but will gradually separate in the form 
of minute crystals (184); and if the solution is very dilute, 
no precipitation will take place, because the sulphate of 
lime, being soluble in about 500 times its weight of water, 
remains dissolved if sufficient water is present. 

216. (C) After having thrown down the sulphate of lime, 
pour the mixture on a filter, and test the filtered solution 
with oxalate of ammonia (218); sufficient of the sulphate 
will have been retained in solution to give a very percep- 
tible precipitate with the oxalate. 

217. Phosphate of soda {2Jfa0jH0yP0^ gives, in neutral 
or alkaline solutions of lime, a white precipitate of phos- 
phate of lime (8CaO,3PO,) which is readily soluble in di- 
lute hydrochloric acid, and reprecipitated itoia Mti^ "^^x^ 
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solution when neutralized with ammonia.* The presence 
of ammonia does not, as in the case of magnesia, facilitate 
the formation of this precipitate. 

218. (C) Oxalate of ammonia {J\rH^OyC^O^) is an ex- 
tremely delicate test for lime. When added to a solution 
containing it even in a highly diluted state, a copious white 
precipitate of oxalate of lime (CaO,C203+2Aq) is produced, 
which is one of the most insoluble salts with which we are 
acquainted. 

CaCl+J>rH^O,C^O^^C2iO,Cp,+J>rH^CL 
It is necessary that the solution should contain no excess 
of acid, as the oxalate of lime is soluble in acid solutions; 
acetic and oxalic acids, however, do not dissolve it. 

219. If alcohol, containing a salt of lime in solution, is 
burnt, the flame has a reddish tinge, less crimson,, how- 
ever, than that caused by strontia under the same cir- 
cumstances (236). The salts of lime also communicate a 
similar color to the blowpipe flame. 



SECTION IIL 
JBaryta (BaO). 



A solution of chloride of barium {BaCl+2Jtq) may 
be used with the liquid tests. 

220. Hydrosulphuric acid and hydrosulphate of ammonia 
produce no precipitate with salts of baryta. 

221. Ammoniay when free from carbonate, gives no pre- 
cipitate. 

222. Potash {KO) in dilute solutions, gives no precipi- 
tate ; but if the baryta solution be concentrated, it throws 
down a bulky crystalline precipitate of hydrate of baryta 
(BaO,HO, + 9Aq), which redissolves if water be added. 

223. Carbonate of Potash {KO,CO^\ or carbonate of 
ammonia {2J\rH^Oy3CO^), throw down a white precipitate 
of carbonate of baryta (BaO,C03). 

BaCl+KO,CO^^B2iO,CO^+KCl. 

• If the phosphate of soda be added drop by drop to an exceu of chloride 
of oalciam, the precipitate consists of (2CaO,HO,POj). 
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When sesquicarbonate of ammonia is used, the solution 
should be mixed with a little free ammonia, and boiled, to 
decompose any bicarbonate of baryta, which, if present, 
would remain dissolved. The precipitated carbonate is 
readily soluble with eflervescence in dilute hydrochloric or 
oitricacid. 

224. (C) Sulphuric add (HOySO^) and sulphate of soda 
(MOfSO^) produce in solutions of barjta a copious white 
precipitate of sulphate of baryta (BaO,S03) even in very 
dilute solutions. 

JBaCZ+JVaO,S'03=BaO,S03+JVaC/. 
This precipitate is quite insoluble in hydrochloric and 
nitric acids, and thus differs from the carbonate formed in 
the last experiment. 

225. (C) Solution of svlpliate of lime (CaO^SO^) throws 
down an immediate precipitate of sulphate of baryta (BaO, 
SO^). This is the most convenient form of applying a very 
dilute solution of a sulphate (sulphate of lime requiring 
about 500 times its weight of water to dissolve it), and 
serves to distinguish baryta from strontia (233). 

226. Phosphate of soda {2KaOyHO^PO^ causes a white 
precipitate of phosphate of baryta (2BaO,HO,P03), which 
is soluble in free acids, but is reprecipitated when the acid 
solution is neutralized with ammonia. 

2-BaCZ+2JVaO,ffO,PO,=2BaO,HO,PO,+2JVaCZ. 
The presence of ammoniacal salts does not affect the 
formation of this precipitate. 

227. Oxalate of ammonia (JVH^OyC^O^) throws down a 
white crystalline precipitate of oxalate of baryta (BaOjC^Oj) 
if the solution is not very dilute (184). It requires a much 
stronger solution of baryta than of lime to cause a precipi- 
tate with oxalate of ammonia. The oxalate of baryta, like 
that of lime, is readily soluble in free acids. 

228. The flame of alcohol, containing a baryta salt, has 
a yellowish color, in which respect it differs from lime and 
strontia (219, 236). 
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SECTION IV. 

Strontia (SrO). ' 
A solution of nitrate of strontia {SrOyJ^O,) may be used. 

• . ^^ither hydrosulpkuric add nor hydrosulphate of 
S^fT*^ Produces any precipitate in solutions of strontia. 
^^' Ammonia and potash behave with solutions of 
strontia as with those of baryta ; from concentrated solu- 

V«^i potash throws down the white hydrate of strontia 
(SrO,HO). ^ 

231. Alkaline carbonates also act as with solutions of 
baryta (223), carbonate of strontia (SrOjCOJ being pro- 
duced. 

232. (C) Sulphunc acid (HO.SO^) and sulphate of soda 
(JVaOjiSOg) throw down a. white precipitate of sulphate of 
strontia (SrOjSOg) immediately, if the solution is not very 
dilute, and after standing a short time if it is so ; in the 
latter case the precipitated sulphate is in the form of minute 
crystals. 

iS'rO,JVO,+JVaO,S'03=SrO,S03+JVaO,JVO,. 

233. (C) Solution of sulphate of lime (CaOySO^) gives 
no immediate precipitate in solutions of strontia, but if 
allowed to stand, sulphate of strontia gradually separates. 
Strontia may thus be distinguished from baryta (225). 

234. Phosphate of soda {2J\a0yH0,P0g) behaves with 
solutions of strontia as with those of baryta (226). 

235. Oxalate of ammonia {J^HfiyC^O^ gives a white 
precipitate of oxalate of strontia, in strong solutions, but 
not in dilute. 

236. The flame of alcohol in which a salt of strontia is 
dissolved, or which contains some of the aqueous solution, 
assumes a beautiful carmine color, especially if the mixture 
is stirred. The color of this flame should be compared 
with that produced when the alcohol contains lime (219). 
When a salt of strontia is heated before the blowpipe, the 
same carmine color is communicated to the flame. 
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Summary of Class IL 

237. Supposing we have in solution a salt of one of the 
Petals belonging to this class, viz. : magnesia, lime, baryta, 
^i strontia, we should be able without any difficulty, by 
«^pplying a few of the most characteristic tests, to ascertain 
^hich individual of the class it is. Thus we should find 
tliat a solution of hydrosulphate of ammonia gave no pre- 
cipitate, and that an alkaline carbonate gave a white one ; 
from which we should infer that the metal belongs to Class 
Xl. We might then test it with a solution of sulphate of 
lime, which would tell us whether baryta or strontia were 
present (225) ; if not, add to a very dilute solution a little 
oxalate of ammonia, which, if the base were lime, would 
throw it down as oxalate (218). If neither of these tests 
gives any indication, add phosphate of soda and ammonia, 
^hen, if the base is magnesia, the double phosphate of am- 
monia and magnesia is precipitated (206). 

Before finally deciding, however, that the base is either 
of these, it is always necessary to apply other confirmatory 
tests in addition to those just mentioned. 



CHAPTER 'IV. 

METALS BELONGING TO CLASS III. 

Muminaj Oxide of Chromium^ Oxide of ZinCy Protoxide of 
Manganese^ Protoxide of Iron, Peroxide of Iron^ Oxide 
of JSfickelj and Oxide of Cobalt. 

238. The metals of the third class are distinguished from 
those of the first and second, in being precipitated from 
their neutral solutions by hydrosulphate of ammonia ; and 
from those of the fourth class in being unafiected (with 
the partial exception of peroxide of iron (278) ) when their 
solutions, containing a slight excess of acid, are treated 
with hydrosulphuric acid. 
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SECTION L '-' 

Alumina (Al^Oj). 



A solution of sulphate of alumina {M^O^y^iSO^-^-liA^ 

may be used. 

239. Hydrosulphuric Acid gives no precipitate either i^ 
a neutral or acid solution of alumina.''^ 

240. (C) Hydrosulphate of Jhnmonia {JfH^S.HS) whe^^ 
added to a neutral solution, gives a white precipitate c^J 
hydrate of alumina (AljOjjSHO), and hydrosulphuric acici- 
\s liDer&teci 

M^ 0,,SS0l+ 3{J>rH^S,HS) + SHO^ A\fi,,3IlO + 3J^Hfi, 

SO)+mQ. 

241. (C) Ammonia {J\rH^) throws down a bulky white 
gelatinous precipitate, which consists chiefly of hydrate of 
alumina (Alj203,3HO) with a small admixture of ammonia, 
and a basic salt of alumina, which may be said to be inso- 
luble in an excess of ammonia, although with a very large 
excess, and under peculiar circumstances, a portion of the 
precipitate occasionally redissolves. 
Al^O,,3SO,+3J>fH,+6HO=A]fi,,3UO+3{JfH^O,SO,). 

242. (C) Potash (KO) also gives a precipitate of hydrate 
of alumina, which, like that caused by ammonia, usiially 
contains a little basic salt : it differs from it, however, in 
being entirely soluble in an excess of the precipitant. If 
the solution in potash is mixed with muriate of ammonia 
[JSTH^Ct) the alumina is again precipitated. 

Al^O^,3SO+3{KO,HO)=^A\p^,3YiO,+3KO,SO^. 

243. Carbonate of potash [KOyCO^ and carbonate of 
ammonia {2J\rHfi^3CO^) give a precipitate of hydrate of 
alumina, which is insoluble in excess. 

Al^O^,3SO^+3{KO,CO^)+3HO^\\p^,3llO+3{KO, 

S0,) + ^00^. 

244. Sulphuric add and sulphate of soda give no preci- 
pitate in solutions of alumina. 

* In most cases of qualitative anal/sis, bydrosulphuric acid may be ap* 
plied in the state of solution in water (729). 
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245. (C) If a salt containing alumina be moistened \rith 
isolation of nitrate of cobalt (CoO,J\'OJ and heated on 
^^arcoal before the blowpipe, it assumes a beautiful sky 
^lae color, which is very characteristic, as no other sub- 
stance gives so decided a color, though silica acquires 
Under the same circumstances a tint somewhat similar, but 
oiQch less intense. The blue color is best seen by day- 
light, after the mass has cooled, as by candle light it ap- 
pears violet. 

SECTION II. 
Oxide of Chromium (Cr^O,).* 



A. solution of sulphate of chrome ( Cr^O^^SSO^) may be used. 

246. Hydrosulphuric acid produces no precipitate either 
in neutral or acid solutions. 

247. (C) Hydrosulphate of ammonia {XH^S^HS) when 
added to neutral solutions of oxide of chromium, throws 
down a dark green precipitate of hydrated oxide of chro- 
mium (CrjO,,3HO), which is insoluble in excess. 

248. (C) Ammonia {J^H^ also produces the same preci- 
pitate (CrjOjjSHO), a small portion of which redissolves in 
an excess of ammonia, forming a pale pinkish solution, but 
is again precipitated when the mixture is boiled. 

249. (C) Potash (KO) also throws down the hydrated 
oxide, which is soluble in excess, forming a green solution; 
if the alkaline solution be boiled for a length of time, the 
hydrated oxide is again precipitated, leaving the liquid 
colorless. 

250. Carbonate of potash {KO^CO^ gives a dull green 
precipitate of subcarbonate of chromium, which redissolves 
in a large excess of the precipitant. 

* It is remarkable that several of the compounds, both soluble and inso- 
luble, of oxide of chromium, which are green by daylight, appear of a red- 
dish purple color when seen by candlelight. This peculiar form of dichroism 
is seen to great advantage in a solution of the oxalate of chrome, which is 
green by daylight, but if held between a candle and the eye, appears pur- 
plish crimson. What is still more remarkable is, that if a green object, 
such as a tree or field, be viewed by daylight through the green solution, 
it appears of a bright reddish purple color. 

9" 
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251. (C) Oxide of chromium, -when heated before the 
blowpipe with borax or microcosmic salt, either in the inner 
dr outer flame, fuses into an emerald-green bead. 

252. (C) If it is heated with a mixture of rntrate of poU 
ash (KO,NO,) and carbonate of soda (NaO,COj), a yellow 
bead of alkaline chromate is formed. Here a portion of 
the oxygen of the nitric acid combines with the oxide of 
chromium (CrjOg), converting it into chromic acid (Cr,0-), 
or rather (Cr03), which combines with the potash or soida, 
forming an alkaline chromate (KOjCrOg). If the bead be 
dissolved in water acidulated with a little nitric acid, the 
solution will give with salts of lead a bright yellow preci- 
pitate of chromate of lead (PbOjCrOg) (363). 



SECTION III. 
Oxide of Zinc (ZnO). 



A solution of sulphate of zinc (ZnOySO^+l^q) maybe used. 

253. Hydrosulphuric add (HS), when added to a neutral 
solution of zinc, causes the precipitation of a portion of it 
as sulphide (ZnS). This test, however, for reasons which 
will afterwards appear (541), is usually applied to solutions 
containing a slight excess of hydrochloric or some other 
acid. For this purpose, acidify a little of the solution in a 
test-tube with a drop or two of hydrochloric acid (HCl) 
and then test it with hydrosulphuric acid; it will in this 
case produce no precipitate. 

254. (C) Hydrosulphate of ammonia {JfH^SyHS) when 
added to a neutral or alkaline solution of zinc, gives a 
copious curdy precipitate of sulphide (ZnS), which if the 
zinc salt be pure, is white; but if, as is frequently the case, 
rny iron is present, the precipitate will be more or less 
colored, owing to the admixture of a little of the black sul- 
phide of iron (FeS). 

Zm.O,SO^+J>rH^S,HS,^ZnS+J^H^O,SO^+llS. 

255. (C) Ammonia (JVH^) throws down a white gelatin- 
ous precipitate of hydrated oxide of zinc (ZnO,HO), which 
is readily soluble in excess. 

ZnO,SO,+J^H,+2HO^ZTiO,UO+J^H^O,SO^. 
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Prepare a few of these spots for comparison with those 
of arsenic formed in (315). 

320. (C) Apply the heat of a spirit lamp to one of each 
kind of spot, and observe the superior volatility of the 
arsenic, and the ^rlic odor of its vapor. 

321. (C) Moisten one of each kind of spot with hydro- 
sulphate of ammonia (JV!H^iS,fl*S), which for this purpose 
should contain an excess of sulphur (739), and observe 
that the antimony is immediately dissolved^ while the 
arsenic remains nearly unaffected for a considerable length 
of time. This is a most valuable means of distinguishing 
between them, and was first observed by Dr. Guy. 

322. (C) If the spots be moistened with a solution of 
chloride of lime {CaOCl)y the arsenic will dissolve, while 
the antimony will remain unaffected. 

323. (C) The following may also be taken as a distin- 
guishing test between arsenic and antimony when Marsh's 
process is followed. Light the jet of gas issuing from the 
apparatus, and hold over it a short tube as in (316), so as 
to collect t little of the oxide of antimony (Sb03) formed 
by the oxidation of the antimonial vapor. Compare the 
Sublimate thus formed, with that of arsenious acid, and 
observe the more crystalline appearance of the latter. 
When the tube is cold, pour in a little water, and treat 
the arsenious acid in the same way : observe that the latter 
dissolves in the water, while the oxide of antimony remains 
insoluble. The solution of arsenious acid may then be 
divided into three portions and tested ; the first with hydro^ 
sulphuric acid (307) ; the second with ammonio-nitrate of 
silver (310); and the third with ammomo-sulphate of copper 

(311). 

These experiments, in conjunction with the other liquid 

tests, will be found sufficient to prevent the possibility of 
error in the use of Marsh's test. 

Reinsch^s Test. 

324. (C) This test is founded on the circumstance that 
-when a metal, such as copper, is heated in a solution of 
another metal more electro-negative than itself, the latter 
is separated in the metallic state, and deposited on the 
surface of the former, which is at the same time dissolved 
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fied solution (formed by adding a few drops of hydrochloric 
acid to a little of the solution in a test-tube), gives no pre- 
cipitate. If the solution is neutral, a partial precipitation 
of sulphide (MnS) takes place. 

263. (C) Hydrosulphate of ammonia {JVH^S,HS) gives 
in neutral solutions a flesh- colored gelatinous precipitate of 
sulphide of manganese (MnS), which is insoluble in excess. 
If this precipitate be exposed to the air, it is gradually de- 
composed, and is converted into the dark brown hydrated 
sesquioxide (Mn203,2H0) in consequence of the strong affi- 
nity of manganese for oxygen, which it absorbs from the air. 

264. (C) Ammonia (A^fiTg) throws down a white or pale 
flesh colored precipitate of hydrated protoxide of manga- 
nese (MnO,HO), which if exposed to the air becomes brown, 
owing to the formation of the sesquioxide (Mn^O^jSHO) as 
in the last experiment. 2(MnO,HO)+0=Mn203,2HO. 

If muriate of ammonia {JVH^Cl) is present in the solu- 
tion, it prevents the precipitation of the hydrated pro- 
toxide; or, if added subsequently, redissolves it, owing to 
the formation of double salts of ammonia and manganese 
which are soluble in water. If the ammoniacal solution 
be exposed to the air, the brown sesquioxide is gradually 
precipitated. 

265. Potash (KO) behaves as ammonia in solutions of 
manganese: the presence of muriate of ammonia, however, 
does not altogether prevent the precipitation of the pro- 
toxide. 

266. Carbonate of potash (KO^CO^) or of ammonia 
{2JV'H^Oy3CO^) throws down a white precipitate of car- 
bonate of manganese (MnO,C02) which is less prone to 
blacken on exposure than the hydrated oxide. 

MnO,SO,+KO,CO^=.MnOfiO^+KO,SO,. 

267. (C) When compounds of manganese are mixed with 
carbonate of soda (NaO,C02) and heated on platinum wire 
in the outer flame of the blowpipe, the manganese becomes 
more highly oxidized, and is changed into manganic acid 
(MnOg); this combines with the soda to form manganate 
of soda (NaO,Mn03) which has a characteristic green color. 
The change is produced still more rapidly if a little nitrate 
of potash (K0,N03) be added to the mixture. 

268. (C) When mixed with borax (NaO,2B03+ lOAq) or 
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ifiicrocosmic salt (NaO,NH^O,HO,PO,+8Aq) and heated 
in the outer flame of the blowpipe, the salts of manganese 
Ibrm beads of an amethyst purple color, which is due to 
the formation of the red oxide (iAnfl^). If the mixture be 
heated in the inner flame, the color disappears, owing to 
the reconversion of the red oxide into protoxide (MnO) : 
this loss of color takes place most readily with microcosmic 
salt. 

SECTION V. 

Protoxide of Iron (FeO). 



A solution of protosulphate of iron (FeOySO^+ljJq) 

may be used. 

269. On account of the strong tendency of the protoxide 
of iron to absorb oxygen on exposure to the air, and be- 
come sesquioxide, especially in aqueous solutions of its salts, 
it is difficult to retain the protosalts in solution without some 
admixture of sesquioxide ; so that in testing them, the in- 
dications of some of the reagents are frequently more or 
less different from those caused by a pure protosalt. If 
the solution of a protosalt be boiled with nitric acid, the 
protoxide is wholly converted into peroxide. 6FeO+JVOg 
-3Fe,03+NO,. 

270. Hydrosulphuric add (HS) produces no precipitate 
in acidified solutions of protoxide of iron : a slight precipi- 
tation of sulphide (FeS) takes place, however, in neutral 
solutions of some of its salts, especially when the acid with 
which it is in combination is a feeble one. 

271. Hydrosulphate of ammonia {J\rH^SyHS) when added 
to neutral solutions of protoxide of iron, throws down a 
black precipitate of sulphide (FeS), which is insoluble in 
excess. 

Fe OySO^+JirH^S,HS+ 110= FeS + JVflT, 0,S0, + HS. 

272. (C) Ammonia (J^H^) gives a precipitate of hydrated 
protoxide of iron (FeO,HO) which is at first nearly white, 
but almost immediately becomes greenish. If this precipi- 
tate be exposed to the air, it absorbs oxygen, and is changed 
into hydrated sesquioxide or peroxide (Fej03,3HO) which 
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has a reddish brown or rust color. Muriate and some other 
salts of ammonia, prevent the precipitation of the pro- 
toxide by ammonia, forming a solution of a double salt of 
ammonia and iron, from which the hydrated peroxide is 
gradually precipitated if exposed to the air. 

273. Potash (KO) behaves as ammonia. 

274. Carbonate of potash (KO,CO^) produces a preci- 
pitate of carbonate of iron (FeOjCOg) which is similar in 
appearance to the hydrated protoxide (272). 

275. (C) Ferrocyanide of potassium {K^FeCy^+SAqf 
throws down in solutions of protoxide of iron, a precipitate 
(KFe32FeCy3) which is at first almost white, but rapidly 
changes to pale blue ; the color becomes darker on expo- 
sure to the air, owing to the absorption of oxygen, whicVi 
combines with the potassium and a portion of the iron^ 
forming at the same time Prussian blue (Fe^SFeCyg) (282)- 
This change takes almost immediately if a little nitric aci^ 
or chloride of lime be added to the mixture. 

276. (C) Ferridcyanide of potassium (K^^Fe^Cy^)^ pro-^ 
duces in solutions of the protosalts of iron, a beautiful darl^ 
blue precipitate, similar in appearance to Prussian blue^ 
consisting of ferridcyanide of iron (Fe3,Fe2Cyg). 

K,,Fe,Cy,+3{FeO,SO,)^Fe,,Fefy,+3{KO,SO,). 
217. When heated with borax before the blowpipe, salts 
of iron form beads which in the oxidizing flame become 
orange, and in the reducing flame green; the color being 
due to the iron in a higher or lower state of oxidation. 



SECTION VI. 

Peroxide or Sesquioxide of Iron (FCjOg). 



A solution of the perchloride of iron (Fe^Cl^) may be used. 

278. Hydrosulphuric add (HS) causes in neutral or 
acidified solutions of the persalts of iron, a slight precipi- 
tation of sulphur, which gives the solution a milky ap- 

• Ferrocyanogen (FeCyg) which is here combined with potassium, is a 
hypothetical radical composed of iron in a peculiar state of combination 
with cyanogen (C,N). See Dawiell's Chemical Philoiophy, p. 657. 

t Ibid. p. 658. 
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pearance. This is owing to the decomposition of the 
hydrosulphuric acid by the peroxide of iron, the hydrogen 
combining with a portion of its oxygen, reducing it to the 
state of protoxide, while the liberated sulphur is precipitated 
in a finely divided state. 

Fe^O,,3SO,+liS^2{FeO,SO,)+HO,SO,+S. 

279. Hydrosulphate of ammonia (JVH^S^HS) separates 

the whole of the iron from solutions of its persalts, as the 

l)Iack sulphide (FeS), the same compound as that produced 

in the protosalts. The peroxide (Fe^O^) is in fact first 

converted into the protoxide (FeO) by the deoxidizing 

affinity of the hydrogen and sulphur in the hydrosulphate, 

so that the subsequent change is the same as that produced 

in the protosulphate (271). If the solution of iron is very 

cdilute, no precipitate appears at first, but the solution be- 

c^omes green, and if allowed to stand a considerable time, 

t.he sulphide gradually separates. 

280. (C) JimmAynia (JVY/g) throws down the hyd rated 

peroxide of iron (FegOgjSHO), in the form of a bulky red- 

cJish brown precipitate, which is insoluble in an excess of 

simmonia, and is unaffected by the presence of ammoniacal 

salts. 

281. Potash (iCO) produces the same precipitate (FcjOj, 
3H0), which is insoluble in excess. 

282. (C) Ferrocyanide of potassium (K^FeCy^+SJJq)* 
produces in solutions of the persalts of iron a beautiful 
precipitate of sesquiferrocyanide of iron, or Prussian blue 
(Fe^3FeCy3). 

3{K,,FeCy,) + 2Fe,Cl,==Fe,3FeCy,+6KCL 
This is an extremely delicate and characteristic test for 
the persalts of iron, as the precipitate is produced even in 
very dilute solutions. 

283. Ferridcyanide of potassium {K^^Fe^Cy^ produces no 
precipitate with persalts of iron ; it gives, however, a deep 
green color to the solution. 

284. When heated before the blowpipe, the persalts of 

• In testing]; for iron with ferrocyanide of potassium, it must be borne in 
mind that when added to a solution containing much free acid, it is par- 
tially decomposed, and a little Prussian blue is formed, even when no iron 
is present As the presence of free alkalies also interferes with the forma- 
tion of the blue precipitate, solutions to bo tested with it should be as 
nearly neutral aa possible. 
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and minute globules of metallic mercury condense in the 
cool part of the tube at c. 

HgCl+NaO,CO,=:NaCl+%+0 + CO^. 

337. Boil a little calomel with distilled water in a test- 
tube; pour off the water into another tube, and test it with 
hydrosulphate of ammonia (340); no effect is produced^ 
proving that the calomel is insoluble in water. 

338. (C) Potash {KO) or ammonia (JVflj) poured on the 
calomel, decomposes it, turning it black, owing to the 
formation of the protoxide (HgO). Chloride of potassium 
(KCl) is at the same time formed. 

HgCl + X0= HgO + KCL 

339. (C) Boil a little calomel in fine powder with a solu- 
tion of protochloride of tin {8nCl)i after some little time 
the mercury is reduced to the metallic state, owing to the 
strong affinity which the protochloride of tin has for an 
additional equivalent of chlorine, which converts it into the 
bichloride (SnC/J. 

HgCl+S/iC/=%+&iCZ,. 

340. (C) when a solution, either neutral or acid, con- 
taining protoxide of mercury, is treated with hydrosulphuric 
acid (HS) or hydrosulphate of ammonia {J\rH^S,HS)y a black 
precipitate of protosulphide of mercury (HgS) is thrown 
down, which is insoluble in dilute acids and also in excess 
of the hydrosulphate: it is soluble, however, in aqua regia. 

Hg Oyjyo, + Hs== HgS + Ho,jsro,. 

If the precipitate, after being dried, be heated alone in 
a tube, it is decomposed into metallic mercury and the per- 
sulphide (HgS,). 

2HgS=HgS,+%. 

341. Ammonia {J^H^ gives a black precipitate, consist- 
ing of a basic double salt of mercury and ammonia (NH3, 
3HgO,NOJ, which is insoluble in excess. 

342. Potash {KO) produces a black precipitate of pro- 
toxide of mercury (HgO), which is insoluble in excess. 

£fe-0,JVO,+jB:0=HgO+iCO,JVO,. 

343. (C) Hydrochloric add {HCl)^ or a solution of chlo^ 
ride of sodium (JVdCl)^ throws down a white precipitate of 
protochloride (calomel, HgCl) which is insoluble in excess. 

%0,JVO,+JVaCZ=HgCl+JVaO,JVO,. 
344» (C) Place a strip of clean copper in the mercurial 
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solution, 9nd observe the deposition of metallic mercury 
(324). 

J5&0,JV0>Cu=-/fe+ CuO,jyO,. 
If the stain be rubbed, it will become bright and silvery. 
Dry the stained copper, place it in a dry tube, and apply 
heat: the mercury sublimes, and condenses in minute 
globules in the upper part of the tube. 



SECTION IV. 

Peroxide of Mercury (HgO,). 



The perchloride of mercury or corrosive sublimate (HgCl,), 
either solid or in solution, may be used. 

345. (C) Heat a small fragment of the perchloride in a 
tube : it fuses, boils, and sublimes into the upper part of the 
tube. If the experiment be made on charcoal, the whole 
is volatilized. 

346." (C) Repeat the experiment described in (336), 
using the perchloride instead of calomel ; metallic mercury 
sublimes in both cases. 

347. Boil a little with water, in which it readily dis- 
solves, thus differing from the protochloride. 

348. (C) Test a solution of the perchloride with a small 
quantity of hydrosulphuric add (HS). A white precipitate 
is first formed, which on the addition of more of the pre- 
cipitant, gradually becomes darker, and ultimately black. 
This change of color is owing to the formation first of a 
double compound of sulphide and chloride of mercury 
(aHgSjjHgClj), which is white, and when the hydrosul- 
phuric acid is added in excess, the whole of the mercury 
is converted into the black persulphide (HgSJ. The pre- 
cipitate is insoluble in hydrochloric and nitric acids, but is 
readily decomposed by aqua regia, and again converted 
into the perchloride. 

If the persulphide be dried and cautiously sublimed in a 
tube, it is deposited, without decomposition, in the form of 
dark red crystals of cinnabar. 

349. (C) Hydrosulphate of ammonia {KH^S.US) be- 
haves in the same way as hydrosulphuric acid. 
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296. (C) •Ammonia (.^^3) behaves as potash, but the 
precipitate readily redissolves in an excess, forming double 
sahs of cobalt and ammonia, which are soluble in water. 
If the ammoniacal solution is exposed to the air, it gra- 
dually becomes darker, owing to the absorption of oxygen, 
and formation of peroxide of cobalt (Co^O^). 

297. Carbonate of potash {KO^CO^ produces a pale pink 
precipitate, which is a mi3cture of carbonate of cobalt (CoO, 
CO,) and hydrated oxide (CoO,HO). 

298. (C) Cyanide of potassium (KCy) when added to a 
solution of cobalt, especially when a slight excess of hydro- 
chloric acid is present, gives a pale brown precipitate of 
cyanide of cobaJt (CoCy), which when heated with an ex- 
cess of cyanide of potassium readily redissolves, forming a 
soluble double cyanide of cobalt and potassium (K^Co^Cy^, 
The addition of sulphuric acid causes no precipitate in this 
solution (291). 

299. (C) The compounds of cobalt, when fused with 
borax (NaO,2B03+ ^^*"^q)> either in the inner or outer flame 
of the blowpipe, form beads of an intense blue color, or if 
there is much cobalt present, nearly black ; this appearance 
is very characteristic. Aficrocosmic salt acts with cobalt 
in a similar manner, but in a less marked degree. When 
mixed with carbonate of soda, and heated on charcoal in 
the deoxidizing flame, oxide of cobalt is reduced to the 
metallic state, forming a magnetic powder. 



CHAPTER V. 

METALS BELONGING TO CLASS IV. 

Arsenicy {of which there are two oxideSy both having acid 
properties; namely y arseniotis acid and arsenic acidy) oxide 
of antimony y protoxide of mercury y peroxide of mercury y 
oxide of leady oxide of coppery oxide of silver^ protoxide 
of tiny peroxide of tiny and oxide of bismuth. 

300. These metals are distinguished from those of the 
three preceding classes, by being precipitated from their 
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acidified solutions when treated \rith bydrosulphuric acid. 
It is remarkable that nearly all the metals whose com- 
pounds are roost eminently poisonous, belong to this class ; 
and as these are the most important, especially to the 
medical student, they are placed first, and described in the 
order of their importance. The oxides of arsenic, though 
possessing acid properties, and consequently belonging 
strictly to the chapter on acids, have so many peculiarities 
in common with this class of oxides that I have included 
them in it. 



SECTION L 

Arsenious Add or Oxide of Arsenic (AsOg). 

301. (C) If a small fragment of arsenious acid* be heated ' 
on charcoal before the blowpipe, it is wholly volatilized, 
and a smell of garlic will generally be perceptible, espe- 
cially when it is subjected to the reducing flame. Both 
metallic arsenic and its oxide are volatile when heated, but 
the fumes of the latter have no smell. The odor of arsenic 
vapor appears to be due to the metal while undergoing 
oxidation, and may be caused 

perhaps by the formation of a Fig. 67. 

lower oxide than the arsenious a ^ 

acid ; it is always observable -^ V0A 

when metallic arsenic is volatil- ^ ^^ \^^ w^ 

ized in contact with the air. mm. ^^ ^^ 

302. (C) Place a fragment of ^^ D^^^Z 
arsenious acid in a narrow tube A -ctsta. Q I\^ 
(102), and apply a gentle heat ^^ '^ <r\^ 
with the blowpipe. It sublimes ^^ ^^f^/jw'^ 
without decomposition, and con- ^^ m^c^ ^ 
denses in the cool part of the tube, "■ ^ 

• On account of tlie highly poisonous nature of arsenic/great care should 
be taken in these experiments not to use more than is absolutely necessary 
to exhibit its peculiarities. In all these experiments (except those of solu- 
tion) a fragment the size of a small pin's head is quite sufficient. There 
is also another advantage in using such small quantities ; namely, that in 
most medicO'Iegal investigations, the quantity to be looked for is equally or 
even more minute, and it is consequently very important that the student 
should make himself familiar with the appearances which would under 
these circumstances present themselves. 
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in the form of minute sparkling octahedral crystals, which 
should be examined with a lens, as they are highly cha- 
racteristic. 

303. (C.) Mix a little oxide of arsenic (AsO,) with black 

flux (780), which if at all damp should be pre- 
Fig. 68. viously dried on the sandbath, and heat a little 
of the mixture in a clean tube before the blow- 
pipe. The arsenious acid is deoxidized by the 
carbon of the flux, and the metallic arsenic thas 
reduced sublimes, and condenses in the upper 
part of the tube, forming a more or less bril- 
liant metallic crust. AsO3+3C=As+3C0. 

If heat be now applied to the sublimate, it 
will again volatilize, and if any of the vapor 
escapes from the tube, it may be recognized 
by its characteristic odor of garlic. 

304. (C) Cut ofi* by means of a file, the portion of the 
tube containing the crust, break it into fragments, and 

Elace some of them in another tube. Sublime the arsenic 
ackwards and forwards two or three times in the tube, 
and observe the gradual conversion of the metal into 
crystalline arsenious acid, which is formed by the action of 
the atmospheric oxygen contained in the tube. 

305. Boil a few grains of arsenious acid with water, (in 
which it is sparingly soluble,) in a flask: filter the solution 
from the undissolved portion, and retain it for testing. 

306. Repeat the last experiment, with the addition of a 
few drops of solution of potash (KO) to the water, and ob- 
serve the increased solubility of the arsenic, owing to the 
formation of arsenite of potash {KO^AsO^. Retain the 
solution for testing. 

307. (C) Hydrosulphuric acid (HS) when passed through 
a solution of arsenious acid or of a neutral arsenite, causes 
a slow and gradual precipitation of tersulphide of arsenic, 
or sulpharsenious acid (AsS,), which it will be observed is 
analogous in composition to the oxide (AsOg), three equiva- 
lents of sulphur being substituted for three equivalents of 
oxygen. Jls 0^ + 3HSa= AsSa + 3 J^O- 

If the solution be acidified, however, with a few drops of 
hydrochloric acid, a much more rapid and complete de- 
composition takes place; and if the gas be passed through 
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the solution for some time, a complete separation of the 
arsenic may in this way be effected. The sulphide of ar- 
senic thus formed has a bright light yellow color ; it is in- 
soluble or nearly so in dilute hydrochloric acid, but readily 
soluble in solutions of the alkalies or their carbonates. 
Boiling nitric acid (•ATO^) also dissolves it with decomposi- 
tion, forming sulphuric and arsenic acids. 

AsS3+5JVO,=:j350,+3S'03+5NO^. 

308. (C) Filter the yellow sulphide formed in the last 
experiment, and dry a portion of it at a gentle heat on the 
sandbath : mix a little of it with black .iiux (303), heat it 
in a tube, and observe the formation of a metallic crust of 
arsenic. AsS3+3(KO,C02)+2C=As+3KS+4CO^+CO. 

309. Hydrosulphate of ammonia {JSTH^SyHS), when 
added to a neutral solution of an arsenite, also causes the 
fornvation of the yellow sulphide (AsSg) which, however, 
does not precipitate, but remains dissolved as the double 
sulphide of arsenic and ammonium {J^H^S^^sS^). If an acid 
be added in excess to the mixture, the sulphide of arsenic 
is immediately precipitated, of a somewhat lighter color 
thaathat thrown down by hydrosulphuric acid, owing to 
the admixture of a little sulphur derived from the hydro- 
sulphate of ammonia (440). 

310. (C) J\iitrate {JlgOyJYOg) or ammonia-nitrate {•^gOy 
2J\rH^jJ\rOg) of silvery throws down in neutral solutions of 
arsenic, a canary colored precipitate of arsenite of silver 
(2AgO,As03), which is soluble both in ammonia and nitric 
acid. It must be remembered that phosphate of soda also 
produces, with nitrate of silver, a similar precipitate, which 
is equally soluble in nitric acid and ammonia (378). 

311. (C) Sulphate ( Cu 0^80^)^ or ammonio-sulphate ( Cu 0, 
2JVH^yH0yS0^) of coppery produces in neutral arsenical 
solutions, a delicate green precipitate of arsenite of copper 
(2CuO,As03), which is readily soluble both in ammonia and 
nitric acid. It must be borne in mind in employing this 
test, that a similar precipitate is produced when the solu- 
tion of copper is added to a liquid^containing decoction of 
onions and some other vegetable substances, though no 
arsenic may be present. 

10* 
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Marsh's Test. 

312. (C) It is well knowD that wben zinc is treated with 
dilute sulphuric acid, it is oxidized at the expense of the 
oxygen of the water, and hydrogen gas is given off (12). 
If in addition to the zinc and dilute sulphuric acid, either 
of the oxides of arsenic is present, the zinc abstracts 
oxygen from them as well as from the water, and the me- 
tallic arsenic thus formed, combines, at the moment of its 
liberation, with some of the hydrogen simultaneously pro- 
duced, and forms a gaseous compound called arsetiiuretkd 
hydrogen (-A-sHj), which passes off mixed with excess of 
hydrogen.* 

v?50,*6Zn+6CHO,50,)=6(ZnO,SO,)+ABH+3ffO. 
Now if this arseniuretted hydrogen is heated strongly, 
either by burning in the air, or by passing through a red- 
hot tube, it is decomposed, and metallic arsenic or its oxide 
is deposited in the solid state, while the liberated hydrogen 
passes off, 

313. Several forms of apparatus have been contrived for 
making use of this property in the detection of arsenic: of 
these the following is in practice the most convenient. 

The bottle a should be 
^'B- ''^- capable of containing six or 

eight ounces of water, and 
is connected by means of a 
perforated cork with the 
tubes b and c, which should 
be about half an inch- in 
diameter: to the latter is 
attached by means of a 
cork, the tube d, which 
should be made of hard 
German glass, bent at a 
right angle, having the end 
the aperture. A few frag- 
ments of zinc are placed in the bottle, and when the com 

" It must be borne in minrl thni ihia fm^ like inoct of the otlier com- 
pouiula of arsenic, is liiglily poiaononi, ao llml tJie f ipoiiinent should nevei 
be ]>crfbrincid in a. close loom, liul in tlio open air or in n wcll-vcntiltited 
nportmcnt 




e drawn off so as to diminish the aperture. A few fra 
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with its tubes is attached, pour a little dilute sulphuric acid 
down the tube by which should reach nearly to the bottom 
of the bottle, and allow the gas (hydrogen) to be given off 
for fiye minutes^* Then heat the narrow tube with a spirit 
lamp at the point dj and observe carefully whether there is 
any deposit produced inside the tube: this precaution is 
necessary, since some kinds of sulphuric acid, and also of 
zinc, contain traces of arsenic. If no stain is produced, it 
may be assumed that the materials are pure. 

314. The solution containing (or suspected to contain) 
arsenie, is now introduced through the tube ft, the heat 
being still applied to the narrow tube at dy as before. If 
arsenic is present in the liquid, it will cause the formation 
of arseniuretted hydrogen, which, on passing through the 
heated tube is decomposed, and the arsenic deposited, not 
exactly at the heated point, but a quarter or half an inch 
beyond, in consequence of its volatility. The metallic crust 
thus formed may be volatilized backwards and forwards in 
the tube by heating it with the flame of a spirit lamp. 

316. (C) The arsenical crust may also be obtained in 
another way: namely, by lighting the jet of gas as it issues 
from the aperture e, and holding in the flame a small 
porcelain plate, (for which purpose the lid of a porcelain 
crucible answers extremely well,) when the metallic arsenic 
will be deposited in*the form of a dark shining spot, if the 
porcelain plate be raised a little, so as to be out of the 
flame, the arsenic in the state of vapor becomes oxidized 
while passing through the air, and a white deposit of arse- 
nious acid is formed on the plate. By applying heat to 
the dark spots, they are readily volatilized, and the fumes 
will be found to have the characteristic odor of garlic. 

A few of these spots should be retained for further exami- 
nation, and for comparison with those of antimony (320). 

316. Hold a short test-tube with the mouth downwards, 
just above the apex of the flame for a few moments, so 
as to collect some of the arsenious acid formed by the oxi- 

• The reason why it is not safe to apply the heat at once, is that a mix- 
ture of bydr(^en and common air is hij^hly explosive (17), so that it is 
necessary to allow time for the whole of the common air to bo expellcil by 
the hydrogen, as otherwise serious injury might be caused by an explosion 
of the mixed gases. 
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long been known as purple of Camus; its compositioa 
appears to be [2(SnO,Sn02)+ Au02,Sn03+6HO]. For the 
success of this experiment, it is necessary that both solu- 
tions be exceedingly dilute. 



SECTION XX. 
Peroxide of Tin (SnO,). 



A solution of the perchloride {SnCl^) may be used. 

387. (C) Salts of the peroxide of tin behave in the same 
manner before the blowpipe as those of the protoxide (379). 

388. (C) Hydrosulphuric acid (HS) gives a yellow preci- 
pitate of persulphide of tin (SnS^) which is soluble in solu- 
tion of potash. 

389. (C) Hydrosulphate of ammonia {JfH^SyHS) also 
throws down the yellow persulphide, which is readily solu- 
ble in excess. 

390. Ammonia {J^H^ and potash (KO) throws down a 
bulky white precipitate of hydrated peroxide of tin (SnO,, 
HO), which is soluble in an excess of the precipitant, 
especially when potash is used, forming a compound called 
stannate of potash [KOySnO^y in which the peroxide of tin 
appears to play the part of an acid. 

The hydrated peroxide, when thus formed by precipita- 
tion with potash, is readily soluble both in potash and nitric 
acid, in which respect it differs from that formed by the 
action of nitric acid on metallic tin, though both yield the 
same results when analyzed (392). 

391. (C) Pour a few drops of nitric add upon a smaU 
fragment of metallic tin in a test-tube, and observe the 
intense action which immediately takes place. The nitric 
acid (J^Og) is decomposed by the affinity of the tin for a 
portion of its oxygen ; the white hydrated peroxide of tin 
(SnOgjHO) is formed ; and nitric oxide (^O^), and some of 
the other oxides of nitrogen, are given off.* 

3Sn + 2JV0, + 3 Jf 0= 3(Sn02,HO) + SNO^^. 

* A little ammonia is at the same time formed by the deoompositioQ of 
water. 

SSn+JVOg+l lHOa:8(SnO,HO)4-2VH3. 
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392. Heat the hydrated oxide forraeil in the Inst experi- 
ment, first xrith nitric add and afterwards in a solution of 
potash, and observe that it is quite insoluble in both, thus 
differing from that formed by potash (390). 

393. (C) If a piece of clean zinc be 
placed in a solution of perchloride of 
tia, the tin is separated in the metallic 
itate, in the form of beautiful feathery 
crystals, some of ni^hich are so minute 
as to look like an amorphous spongy 
mass, hut when examined with the 
microscope, appear as multitudes of 
brilliant and beautifully formed crys- 
talline tults. 

SnCl^+2Zn=-Sn + 2ZnCl. 






Oxide o/Bismulh {Bifi,). 
A solution of the chloride {Bi^Cl^ may be used. 

394. (C) Mix a concentrated solution of the chloride with 
a considerable quantity of water, which causes a white pre- 
cipitate of oxichloride of bismuth (Bi^CljiSBijOj). 

A siriiilar decomposition takes place when solutions of 
many of the soluble salts of bismuth are diluted with much 
water. The precipitates thus formed, are readily distin- 
suishable from those produced under the same circumstances 
in solutions of antimony, by being insoluble in tarlaric acid 
(332). They dissolve easily, however, in acetic acid. 

395. (C) When the salts of bismuth are mixed with 
carbonate of soda, and heated in the reducing flame of the 
blowpipe, small globules of the metal are formed, which 
break with a crystalline fracture when struck with a ham- 
mer. In the oxidizing flame, with borax or microcosmic 
salt, oxide of bismuth forms a yellowish bead, which be- 
come nearly colorless on cooling. 

396. Hydrosulphuric add (HS), and kydrosutphate of 
ammonia {JiTH^StHS), throw down from solutions of his- 
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muth, which do not contain a large excess of free acid, 
black precipitate of sulphide of bismuth (Bi^Sj), which i^^ 
insoluble in dilute acids and potash, but soluble in hot nitric= 
acid. 

397. Ammonia {J^H^ and potash (KO) give a white pre^ — 
cipitate of hydrated oxide (Bi203,3H0) which is insoluble^ 
in an excess of the precipitant. 

398. Carbonate of potash (KOyCO^) gives a bulky white 
precipitate of subcarbonate of bismuth (Bi^OgjCOj) which is 
insoluble in excess. 

399. (C) When oxide of bismuth is heated, it turns yel- 
low, and becomes colorless again on cooling. 



CHAPTER VI. 

ACTION OF REAGENTS WITH THE INORGANIC ACIDS. 

400. The inorganic acids, which are enumerated in 
paragraph (179), may be conveniently divided into three 
classes, according to their behavior with chloride of barium, 
and nitrate of silver, thus: — 

Class L — Acids which are precipitated by a solution of 
chloride of barium. 



Carbonic (CO^). 
Silicic (Si03). 



Sulphuric (HO.SO^). 
Phosphoric (PO,). 
Boracic (BO3). 
Class IL — Acids which are unaffected by chloride of 
barium, but which are precipitated by a solution of nitrate 
of silver. 

Hydrochloric (HCl), Hydriodic (-HI), and Hydrosulphuric 

. (KS). 
Class III. — Those which are not precipitated either by 
chloride of barium or nitrate of silver. 

Nitric (JVO,) and Chloric {CIO,). 
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SECTION I. 

Sulphuric Acid (HO^SO^). 

401. Mix a few drops of strong sulphuric acid or oil of 
vitriol, with about an equal quantity of water in a test-tube, 
and observe the heat evolved. 

402. (C) Place a small bit of wood or paper in a test- 
tube, and pour upon it a few drops of oil of vitriol : the 
organic matter is decomposed, and a black carbonaceous 
matter is formed. 

403. (C) Add a few drops of a solution of chloride of 
hoHum {BaCt) or nitrate of Baryta (BaO^JYO^) to one of 
sulphate of soda (JVflOjiSOg) : a heavy white precipitate of 
sulphate of baryta (BaOjSOg) is thrown down, which is 
insoluble in hydrochloric acid. 

BaC/+JVaO,iS03=BaO,S03+JVaC/. 

404. (C) Acett^ite of lead {PbO,C^H^O^+3Aq) throws 
down in solutions containing sulphuric acid, a dense white 
precipitate of sulphate 6f lead (PbOjSOg), which is insolu- 
ble in dilute acids, but sparingly soluble in strong sul- 
phuric and hydrochloric acids (720). It is soluble also in 
potash and acetate of ammonia {J^H^O^CJI^O^. 

PbO,C^H,0^+J>raO,SO^=VhO,SO,+JVaO,CJI,0,. 

405. (C) Mix a little dry sulphate of soda (NaOjSOg) or 
some other sulphate, with black flux, and heat it on pla- 
tinum wire in the reducing flame of the blowpipe : the 
oxygen both of the soda and acid is removed, and sulphide 
of sodium (NaS) remains. 

NaO,S03+2C=NaS + 2CO^. 

406. (C) Place the bead formed in the last experiment, 
in a test-tube, and moisten it with a little dilute sulphuric 
acid : hydrosulphuric acid (HS) is given ofi*, which may 
be recognized by its odor, or by putting into the tube a 
strip of paper moistened with a solution of acetate of lead, 
which will be blackened, owing to the formation of sulphide 
of lead (PbS) (438). 

NaS + if 0,503= JVa 0, 503 + HS. 

12 
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SECTION II. 

Phosphoric Acid (tribadc) {SHOyPO^, 



A solution of common tribasic phosphate of soda (2JVaO, 

HO,PO,+24Aq) may be used.* 

407. Chloride of barium {BaCt) throws down a white 
precipitate of phosphate of baryta (2BaO,HO,PO^) which is 
sohible in hydrochloric acid. 

2BaCl+ 2J\ra 0,HO,PO^=z 2JVa CZ + 2BaO,HO,PO^. 

408. Chloride of calcium {CaCl) gives a white precipi- 
tate of phosphate of lime (8CaO,3PO^), which readily dis- 
solves in a slight excess of hydrochloric acid.f 

409. (C) Sulphate of magnesia {MgOySO^+lAq) causes a 
white precipitate of phosphate of magnesia (2MgO,HO,PO^), 
if the solution is tolerably strong. If a little ammonia or 
carbonate of ammonia, however, be present in the solution, 
the double phosphate of ammonia and magnesia (*2MgO, 
NH40,P03+12Aq) is formed, which being much more in- 
soluble than the phosphate of magnesia, is precipitated in 
more dilute solutions, and is consequently a more delicate 
test. It separates as a granular crystalline precipitate, and 
is readily soluble in excess of acid (206). 

410. (C) JVitr ate of silver (AgO^JVOg) throws down a pale 
yellow precipitate of tribasic phosphate of silver (3AgO,PO^) 
which is soluble both in ammonia and nitric acid (310). 

3{Ag OyJYO,) + 2JYa 0,HO,P 0^= 3AgO,PO,+ 2(JVa O, 

JYO,) + HO,jyO,. 

411. (C) Heat a small fragment of common tribasic 
phosphate of soda before the blowpipe; when cool, dis- 
solve it in water, and add to the solution a few drops of 
nitrate of silver. Instead of the yellow tribasic phosphate 
of silver (3AgO,PO^) being thrown down as before, a white 
granular precipitate of the bibasic phosphate (2AgO,PO,) is 
produced. This is owing to the tribasic phosphate of i^a 

• The monobasic (HOjPOg) and bilxisic phosphoric acids (SHOjPOj), 
being rarely met with in analysis, are omitted, 
f Sec note to (Q17). 
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416. JS/itrate of silver {^gO,J\rOg) gives a white preci- 
pitate of borate of silver (AgOjBOg), which is soluble both 
m ammonia and nitric acid. 

417. (C) If strong sulphuric acid (HOySO^) be added to 
a concentrated solution of a borate, the boracic acid \(?hich 
is displaced, separates in combination with water in the 
form of crystalline scales. 

JVaO,2BO^+HO,SO,=^J\raO,SO^+2BO^+H0. 

418. (C) If borax or any other borate, be moistened with 
a little sulphuric acidy and the mixture treated with alcohol^ 
the boracic acid is dissolved, and communicates a green 
color to the flame when it is burnt. This is probably 
owing to a little of the boron (B) being deoxidized by the 
burning spirit, and recombining with oxygen as it comes 
in contact with the air at the edge of the flame. 



SECTION IV. 
Carbonic Add (C!OJ. 



The physical and some of the chemical properties of car^^ 
bonic acid, have been already noticed (18, &c.). 

419. (C) The carbonates when treated with ^ free ad^^ 

as hydrochloric, are decomposed, and the carbonic acid^ 

being gaseous when uncombined, escapes with efferves^ 

cence. 

CaO,CO,+HC/= C(zC/+ JfO+CO^. 

It may be distinguished from other gaseous acids by 
being inodorous. When a substance such as marble is 
tested in this way for carbonic acid, it is generally ad- 
visible to drench it with water ; if this is not done, small 
bubbles of common air, which at first adhere to the solid 
substance, gradually escape, and may lead an inexperienced 
person to suppose that effervescence is taking place. 

420. (C) When carbonic acid is passed into limt water 
(CaO)^ it causes a white precipitate of carbonate of lime 
(CaO,C02), most of which redissolves if the gas is passed 
through for a length of time, owing to the formation of 
the bicarbonate of lime {CaO,2CO^j which is soluble in^ 
water. 
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422. "C SiibdCiiiiU rfl^d 3PhO,CH^0^ is an ex- 
tremely delicate test ior carbonic acid, wi:b la^hich it forms 
a white precipitate of carbonate of lead « PbO,CL\U 

423- Most of the carbonates, except those of the alkalies, 
are decomposed when strone'y heated, in which case the 
oxide or the reduced metal is left il2'2*. 



SECTIOX V. 

Silicic .^cid (SiO^V 



There are two modifications of silicic acid, one of which is 

soluble, and the other insoluble. 



424. (C) Add a little strong hydrochloric acid {HCl) to 
a concentrated solution of silicate of potash (KOySiO^y and 
warm the mixture: a bulky precipitate separates, which is 
soluble in potash, while a portion remains dissolved in the 
acid solution ; this is the soluble modification (probably a 
definite hydrate) of silicic acid. 

KO,SiO,+ HCl=^KCl+HO+SiOy 

425. (C) Evaporate to dryness the solution with the pre- 
cipitate, formed in the last experiment, and observe, that 
on again treating the residue with hydrochloric arid, the 
jdlicic acid remains undissolved; in this state it is nlmoM 
insoluble also in cold alkaline solutions. Thus we fuul that 

12* 
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when the soluble modification of silicic acid is evaporated 
to dryness, it is converted into the insoluble modificatiou. 

426. (C) Mix a little dry silicic acid, or an insolub^^ 
silicate, in fine powder with dry carbonate of soda (NaOi 
COj) and fuse it, for about ten minutes, on a platinu*' 
wire before the blowpipe ; treat the bead with dilute bj 
drochloric acid, and observe that the insoluble silicic aoi 
has been changed, by the fusion with the alkali, into tt 
soluble modification. If the solution thus obtained t 
evaporated to dryness, the silicic acid again becomes it 
soluble. 

427. (C) When pure silicic acid is fused with carbonal 
of soda before the blowpipe, a transparent colorless bea 
of silicate of soda is formed,, while carbonic acid is es 
pelled. 

NaO,CO,+Si03=NaO,Si03+CO^. 

In this experiment a small quantity only of the sod 
should be used, as it forms an opaque bead when added i 
excess. 



SECTION VI. 

Hydrochloric Acid {HCl), 



[Chlorine^ in combination with hydrogen or a metal,) 
A solution of chloride of sodium {JVaCl)^ or the dilute acic 

may be used. 



428. Chloride of barium gives no precipitate. If, hoi» 
ever, it be added to strong hydrochloric acid, the chlorid 
of barium will be precipitated unchanged, as it is insolubl 
in the strong acid.* 

429. {C\ Mtrate of silver {AgO.JfO^ throws down 
white curay precipitate of chloride of silver (AgCl) whic 
is insoluble in nitric acid, but readily soluble in ammonia 

j%0,JVO,+JVaC/=:AgCl+JVaO,JVO^. 

• This circumstance must be remembered when testing hydrochlor; 
acid with chloride of barium, with a view to ascertaining whether it coi 
tains traces of sulphuric acid; in which case it is necessary to dilute the aci 
before testing. 
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If the ammoniacal solution be neutralized with nitric 
acid, the chloride is again precipitated. 

This precipitate, like most of the salts of silver, becomes 
purple on exposure to light. 

430. (C) Acetate of lead {PbO,C^H^O^+3Jlq) gives a 
•white precipitate of chloride of lead (PbCI) in tolerably 
strong solutions of chlorides ; if the precipitate be boiled 
with a little water, it dissolves, and separates again on cool- 
ing, in the form of needle shaped crystals. 

PbO,C^H^O^+jyaCl=PhC\ + J\^aO,C^H,Oy 

431. (C) When mixed with nitric acidy and warmed, 
hydrochloric acid dissolves gold leaf, forming terchloride of 
gold (^ttC/g). 

3HC/+JV03+Au=-/3Ma3+NO^+3IfO. 



SECTION VII. 

Hydriodic Acid {HI). 



{Iodine in combination toith hydrogen^ or a metal,) 
A solution of iodide of potassium {KI) may be used. 

432. Chloride of barium gives no precipitate with hy- 
driodic acid. 

433. (C) J\/itrate of silver {AgOyJVOg) gives a pale straw- 
colored precipitate of iodide of silver (Agl), which gradu- 
ally becomes purple when exposed to the light. It is nearly 
insoluble in nitric acid, and considerably less soluble in 
ammonia than the chloride (429). 

434. (C) Perchloride of mercury {HgCl^) gives a brilliant 
red precipitate of periodide of mercury (HglJ, which dis- 
solves in an excess either of the perchloride or of the iodide 
of potassium. 

HgCl^+2KI=Hg\+2KCl. 

435. (C) Starch {C^fl^fi^^) forms with iodine, even in 
highly dilute solutions, a dark purple precipitate of iodide 
of starch. If the iodine is in a state of combination, as in 
iodide of potassium or hydriodic acid, it is necessary to 
liberate it before applying the starch ; which is readily done 
by adding a drop or two of nitric acid (JVO,) or a solution 
of chlorine : if nitric acid is employed, a portion of its oxy- 
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gen combines with the hydrogen or metal with which tfcme 
iodine was in combination, forming water, or a metall ^iSc 
oxide. 

SHI+jyO,= 3HO+:^0^+L 

If chlorine be used, it forms w4th the hydrogen or metiB^ X 
hydrochloric acid, or a metallic chloride, iodine being lib^^3- 
rated in either case. 

KI+Cl==KCl+I. 

The starch may be applied either in solution or as * 
paste; or, what is often more convenient, strips of pape^^^ 
or cotton may be impregnated with the solution, dried, am 
kept for use. 

436. (C) If iodide of potassium, or any other metalli< 
iodide, in the solid state, be heated with a little strong 
phuric acid (HO^SO^), both compounds are decomposed 
sulphurous acid (SOj and potash {KO) are formed, and th< 
iodine is set free. 

Kl + 2{HO,SO,)=KO,SO^ + SO^+2HO+l. 

A portion of the latter sublimes in the form of a beau- 
tiful violet colored vapor, which condenses in the uppei 
part of the tube, and is highly characteristic. 

If the quantity of iodine liberated is so small that the 
color of the vapor is not perceptible, it may readily be 
detected by suspending a bit of paper or cotton moistened 
with a solution of starch, which will instantly be turned 
purple (435). 

437. Dilute sulphuric acidy when added to the solution 
of an iodide, also causes its decomposition, especially if 
the mixture be boiled, setting free a little iodine, which 
gives a pale yellowish color to the solution, and causes a 
purple precipitate with solution of starch. 



SECTION YIII. 
Hydrosulpliuric Add (HS)J 



{Sulphur in combination with hydrogen or a metaJ.) 

438. (C) Most of the metallic sulphides are decomposed 
w'hen treated with hydrochloric acid, in which case hydro- 

• Called also ndphuretted hydrogen. 
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^rolphuric acid (^3) is given oiT, and may be recocrnized 
Jby its disagreeable odor, resembling that of rotten eg^. 

Add a little dilute hydrochloric or sulphuric acid to a 
small fragment of sulphide of iron (FeSj in a test-tube ; 
lydrosulphuric acid is immediately evolved ; and if a strip 
of paper, moistened with a solution of acetate of lead, be 
lield over the open end, it will be blackened, owing to the 
formation of the black sulphide of lead (PbS). The gas 
may also be passed into a solution of the acetate, in the 
manner shown in (420), when it will throw down the black 
sulphide (357). 

FeS+ffCT=/>C/+::s. 

439. (C) When heated with nitric acid [XO,), the me- 
tallic sulphides are decomposed: the metal is oxidized at 
the expense of a portion of the nitric acid, orange fumes 
of nitrous acid and nitric oxide being given off, while the 
sulphur separates as a whitish powder, which gradually 
collects into yellowish lumps, and is eventually dissolved, 
owing to its conversion into sulphuric acid, also at the 
expense of the nitric acid. 

440. (C) The soluble sulphides, or hydrosulphates, are 
also decomposed by acids, with evolution of hydrosulphuric 
acid. Add a little dilute hydrochloric add to a drop or two 
of hydrosulphate of ammonia {JVH^S^HS) ; hydrosulphuric 
acid is given off, while muriate of ammonia {JVH^Cl) re- 
mains in solution, and a little free sulphur is at the same 
time deposited, which had before been dissolved in the 
hydrosulphate,* causing a white precipitate. 

jyH^S,HS+ HCl=: JVII^Cl+ 2HS. 

441. Chloride of barium gives no precipitate with hy- 
drosulphuric acid or the hydrosulphates. 

442. JNltrate of silver (JlgO^JfOg) gives a black precipi- 
tate of sulphide of silver (AgS), which is soluble in hot 
nitric acid. 

• When hydrosulphate of ammonia is first prepared, it is colorless, but 
a portion of the hydrosulphuric acid is gradually decomposed by the afllnity 
of the atmospheric oxygen for its hydrogen, with which it combines to form 
water, while at the same time the equivalent of sulphur is set free, (/iS-f- 
(hsHO-^S) ; the latter dissolves in the hydrosulphate, giving it a yellow 
color. It is this sulphur which is precipitated on the addition of an excess 
of Boid to the hydrosulphate. 
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oxide and nitrous acid are given ofT, forming orange-colored 
fiimes, in^hich are very characteristic. 
KO,J^O,+3Cu+A{HO,SO^)=3{CuO,SO,)+KO,SO,+ 

449. (C) Add a few drops of strong sulphuric acid to a 
solution of a nitrate in a test-tube, and when the mixture 
is cold, drop in a small crystal of protosulphate of iron 
(FeOySOjH-'TAq). When nitric acid is present, a brown 
compound is formed round the crystal, consisting of prot- 
oxide of iron (FeO) in combination with nitric oxide 
(NO^), while the other three equivalents of oxygen com- 
bine with another portion of the protoxide, forming sesqui- 
oxide of iron (Fe^Og), which is dissolved by the sulphuric 
acid as sesquisulphate (Fe^O^ySSO^). 

10{FeOySO,)+A{HO,SO,) + KO,J>rO,= 3(Fe^O^,3SO^) + 
KO,SO^+4:{FeO,SO,),jyO^+4tHO. 
If the mixture is heated, the brown compound is decom- 
posed, and the color disappears. 

450. (C) If a little hydrochloric add be added to a solu- 
tion containing nitric acid or a nitrate, the mixture has the 
property of dissolving gold leaf, owing probably to the 
liberation of free chlorine, which acts on the metal. The 
terchloride of gold {AuCl^ thus formed, gives the solution 
a yellowish color. 

iCO,JVO,+2JfC/=^CZ+2//0+ JVO,+ CI. 

451. Strong nitric acid has the property of turning many 
nitrogenous organic compounds yellow ; a fact of which 
most chemists have unintentionally convinced themselves 
while experimenting with nitric acid, by the troublesome 
yellow stains it leaves on the fingers; the cuticle being 
converted into a compound called xanthoproteic acid. 
(2HO,C3,N,H^OJ. 

452. (C) It a nitrate be mixed with a little sulphuric 
acidy and warmed with a drop or two oi sulphate of indigo , 
the blue color of the latter disappears, owing to the con- 
version of the indigo into colorless oxidized compounds. 
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SECTION X. 

Chloric Jcid {ClOg). 



Chlorate of potash (KOjClO,), both solid and in solution, 

may be used. 

453. JVeither chloride of barium nor nitrate Ojf silver pro- 
duce -any precipitate in solutions of the chlorates. 

454. (C) Heat a small fragment of the chlorate in a test- 
tube with the flame of a spirit lamp ; it is decomposed, 
and if the heat is continued long enough, the whole of the 
oxygen is given off. Chloride of potassium (KCl) remains 

behind. 

K0,C10,=KC1+ 60. 

The presence of oxygen may be proved by introducing 
an ignited match into the tube. 

455. (C) Dissolve the residue of chloride of potassium 
formed in the last experiment, in water, and test the solu- 
tion with nitrate of silver (429). The formation of a chlo- 
ride after the application of heat is the best proof that the 
acid is chloric and not nitric. 

456. (C) When placed on ignited charcoal, or when 
heated with organic substances, the chlorates deflagrate 
even more violently than the nitrates. On this account 
very small fragments only of the chlorate should be used. 

457. (C) Place a small fragment of chlorate of potash 
(K0,C105) in a test tube, and pour upon it a few drops of 
strong sulphuric acid {HO,SO^), taking especial care not to 
warm the mixture, as it is liable to explode with violence 
w^hen heated. The chlorate is decomposed, sulphate of 
potash {KO,SO^) and perchlorate of potash {KOyClO^) are 
formed, together with peroxide of chlorine (^^OJ, which 
gives the mixture a yellowish color, and escapes in the 
form of a greenish gas. 

^{KO,C\0,) + 2[HO,SO,) = 2{KO,SO;) + KO,ClO,+ ^0\0 

+ 2H0. 

458. Repeat experiments 448, 449, and 452, using chlo- 
rate of potash instead of the nitrate, and compare the results 
with those obtained with the latter. 



r 
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CHAPTER VII. 

ORGANIC ACIDS. 

459. The organic acids which are enumerated in para- 
graph 179, may be divided into three classes, according to 
their behavior with chloride of calcium and perchloride of 
Vtfin\ thus: 

Chat I. — Organic acids which are, under certain circum- 
stances, precipitated by a solution of chloride of calcium. 

Oxalic (H0,C,03). Citric (3H0,C,^H,0„). 

Tartaric {2U0fififlJ. Malic (2HO,C3H^03). 

Class IL — Those which are unaffected by chloride of 
calcium, but are thrown down by a solution of perchloride 
of iron. 

Succinic (H0,C^H,03). Benzoic (H0,C„H,03). 

Class III. — Those which are not precipitated either by 
ehloride of calcium or by perchloride of iron. 

Acetic (jETOjC^fljO,). Formic (HOyC^HO,). 

SECTION I. 

Oxalic Add {ViOJCfi^). 

460. Oxalic acid is readily soluble in water and in al- 
cohol. 

461. When crystallized oxalic acid is heated in a tube, a 
portion volatilizes unchanged, while a part is decomposed. 

462. (C) All the salts of the organic acids are decom- 
posed at a red heat, and when the base is an alkali, or 
alkaline earth, a carbonate of the base is formed. This 
decomposition is almost always attended with a deposition 
of charcoal, and consequent blackening, but in the case of 
the oxalates scarcely any blackening takes place, the oxalic 
acid being almost wholly resolved into carbonic acid {^^^ 
and carbonic oxide (CJO), the latter of which escapes, while 

the carbonic acid combines with the base. 

KO,C,03«KO,CO,+GO. 

13 
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% 463. (C) Heat a little oxalate of lime (CaOAO,) to red- 
ness for a few moments on platinum foil, and observe that 
the decomposition takes place almost/without blackening. 
Place the fragment in a test-tube, and moisten it wiSi 
dilute hydrochloric acid, when the effervescence will show 
the presence of carbonic acid. 

464. (C) Chloride of calcium {CaCl)j when added to 
solutions containing oxalic acid, either free or in combina- 
tion with a base, causes, even in highly dilate solutionsi a 
copious white precipitate of oxalate of lime (CaO,C|0,+ 
2Aq), which is readily soluble in hydrochloric acicl, and 
slightly so in an excess of oxalic acid, so that the addition 
of ammonia favors the precipitation in an acid solution. 

CaC/+JV-fr^O,Cj03«CaO,C,03+JV-JB,a. 
The presence of ammoniacal salts does not interfere wifli 
the formation of this precipitate. 

465. (C) A solution of sulphate {CaOjSO^ or any other 
salt q/'/ime, causes the same precipitate (CaOyC^Oj+SAq), 
even in very dilute solutions. Lime-water also does- the 
same. 

466. Perchloride of iron (Fe^Cl^) gives no precipitate in 
solutions of oxalic acid or the oxalates, unless they are con- 
centrated. 

467. JVitrate of silver {JlgO^J^O^ throws down a white 
precipitate of oxalate of silver ( AgOyCjOj), which is soluble 
both in nitric acid and ammonia. If the precipitate be 
dried, and heated on platinum foil, it is dispersed with a 
slight puff, leaving a residue of metallic silver. 

468. (C) When oxaliq acid or an alkaline oxalate is 
warmed with strong sulphuric acid (HO^SO^) it is decom- 
posed into carbonic acid (C^OJ and carbonic oxide (CO), 
while the basic water or the alkali combines with the sul- 
phuric acid. 

K0yCfi,+H0,S0,=K0,S0,+H0+00^+CO. 

The two gases escape with effervescence, and if a taper 
be applied as they issue from the tube, the carbonic oxide 
burns with a pale blue flame, combining with an additional 
equivalent of oxygen from the air, and becoming carbonic 
acid (41). 
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SECTION II. 

Tartaric Acid (2HO,CjHPio)- 

469. Tartaric acid is soluble both in water and in al- 
cohol. 

470. (C) Heat a small crystal of the acid in a tube ; it 
at first fuses, and is afterwards decomposed with deposition 
of carbon, and consequent blackening. A peculiar and 
characteristic odor is at the same time emitted. 

471. Fold a small fragment of bitartrate of potash (KO, 
HO,CgH^OjQ) in platinum foil, and heat it to redness before 
the blowpipe or over a spirit lamp. The tartaric acid is 
thus decomposed, and carbonate of potash (KO,CO,) is at 
the same time formed. Place the fragment in a test-tube, 
and add a few drops of dilute hydrochloric acid, when it 
will effervesce, showing the presence of carbonic acid (419). 

472. (C) Chloride of calcium {CaCl) throws down in 
neutral solutions containing tartaric acid, a white precipitate 
of tartrate of lime (2CaO,C8H40jo), which is soluble in a 
cold solution of potash ; if the potash solution be heated, 
however, the tartrate of lime separates as a bulky precipi- 
tate, but redissolves as the solution cools. 

473. Lime-water (CaO) causes in neutral solutions a 
white precipitate of tartrate of lime (2CaO,C8H40jQ), which 
is soluble in an excess of acid. The presence of ammo- 
niacal salts prevents the formation of this precipitate, 
though if the mixture be allowed to stand a few hours, the 
tartrate of lime gradually crystallizes out. 

474. Sulphate of lime [CaO^SO^ gives no precipitate at 
first, even in neutral solutions of tartrates, but, if allowed 
to stand, tartrate of lime gradually crystallizes. 

475. Salts of potash cause the formation of bitartrate of 
potash (KOjHOjCgH^Ojj,), which separates from the solu- 
tion in the form of a granular precipitate, soluble in an 
excess of alkali, and most of the inorganic acids. If the 
tartaric acid is present as a neutral tartrate, the bisulpTiate 
of potash {K0yH0y2S0^ should be employed for testing it. 
In dilute solutions the separation of the precipitate .is 
hastened by agitating the liquid with a glass^ rod, when 
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lines of minute crystals "will be deposited on the sides of tie 
glass wherever the rod has rubbed against it (184, 186). 

476. Perchloride of iron {Fe^Cl^ gives no precipitate 
•with tartaric acid or the tartrates. 

477. {C) Acetate of lead {PbO,C^H^O,+3Aq) throws 
down a white precipitate of tartrate of lead (2PbO,C^^Oj,j) 
which when washed clean> is readily soluble in ammonia. 

478. Tartaric acid and the tartrates, wh^n present in 
solutions of the persalts of iron, prevent the precipitation 
of the hydrated peroxide (Fe203,3HO) when ammonia or 
potash are added (280). This is owing to the formation of 
double tartrates of iron and the alkali, which are soluble 
in water, and are not decomposed by an excess of the latter. 
Tartaric acid, also prevents the precipitation cf alumina, 
protoxide of manganese, and isome other oxides, under 
similar circumstances. 



SECTION III. 

Citric Acid {SUOyCJifiJ. 

479. Citric acid is soluble in water and in alcohol. 

480. (C) When heated in a tube, citric acid at first 
melts, and is subsequently decomposed^ emitting pungent 
fumes, which may be distinguished by their smell from 
those formed by tartaric acid under similar circumstanGes. 
A carbonaceous residue remains in the tube. 

481. (C) Chloride of calcium {CaCl)y when added to 
solutions of neutral citrates^ gives a white precipitate of 
citrate of lime (SCaOjC^jH^jOj,), which is insoluble in potash, 
but soluble in muriate of ammonia. If the ammoniaca) 
solution be boiled, the citrate of lime reprecipitates. Fiee 
citric acid gives no precipitate with this test. 

482. (C) Idme-taater (CaO) fails to produce a precipitate 
in a cold solution, but if the mixture be boiled, citrate of 
lime is thrown down, being less soluble in hot water tkan 
in cold. 

483. Perchloride of iron (Fe^Ct^) gives no precipitate. 

484. Acetate of lead {Pb 0, CJI. 0^ + 3Aq) throws down a 
white precipitate of citrate of lead (3PbO,Cj^HjPjJ, which 
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when washed, is only very slightly soluble in ammonia, 

thus differing from tartaric acid (477). 

486. Citric acid and the soluble citrates, when present 
in solutions containing peroxide of iron, alumina, and some 
other metallic oxides, prevent their precipitation by am- 
monia, owing to the formation of soluble double salts. 

486. Citric acid when heated with strong sulphuric acidy 
is decomposed ; carbonic acid and carbonic oxide are given 
off with effervescence, and aiter some time, sulphurous acid 
(SOJ is formed, and the mixture becomes dark colored. 

SECTION IV. 

Malic Add {2l{0fi^YLp;). 

487. Malic acid dissolves freely both in water and al- 
cohol. 

488. (C) When malic acid is cautiously heated in a 
tube, it is decomposed into two new acids, maleic acid 
(2H0,C8H20g), which being volatile, sublimes and con- 
denses in the upper part of the tube ; and fumaric acid 
(HO,C4H03) which remains at the bottom. If the heat is 
allowed to rise higher than 400^ or 500°, further decom- 
position takes place, and the mass is carbonized. 

489. Chloride of calcium {CaCl) gives no precipitate, 
since the malate of lime (2CaO,C8H408) is soluble in water: 
the addition of alcohol, however, immediately causes it to 
precipitate. 

490. Lime water (CaO) gives no precipitate with malic 
acid or the malates. 

491. Perchloride of iron {Fe^Cl^ causes no precipitate, 
as the malate of iron is soluble in water. 

492. (C) Acetate of lead {PbO,C^H^O^+3Ag) throws 
down a white precipitate of malate of lead (PbO,HO, 
CgH^Og). If acetate of lead in solution be allowed to stand 
for a day or two on the precipitate, it is gradually converted 
into beautiful tufts of silky crystals. If the precipitate be 
well washed, and, while suspended in water, heated over a 
lamp, it will be found to melt into a resin-like mass at the 
temperature of boiling water. 

493. Like tartaric and citric acids, malic acid and the 

J 3* 
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soluble malates prevent the precipitation of peroxide of iron 
and some other metallic oxides by the alkalies (478, 485). 
494. When heated with oil of vitnol (HOySOX malic 
acid is decomposed and carbonized, sulphurous acid (BO^ 
being at the same time given off. 



SECTION V. 

Succinic Add (KOyCJ^fil^). 

495. Succinic acid is soluble both in water and alcohol. 

496. (C) When the pure acid is heated in a tube, it 
volatilizes entirely, leaving no carbonaceous residue, and 
crystallizes in the upper part of the tube. The common 
acid met with in commerce is seldom pure, and usually 
leaves a slight residue. 

497. Chloride of calcium (CaCl) gives no precipitate 
with succinic acid or the succinates. 

498. (C) Perchloride of iron {Fe^Cl^) throws down a 
bulky light brown precipitate of persuccinate of iron (Fefi^ 
SC^HjOj) from perfectly neutral solutions containing suc- 
cinic acid. This precipitate is soluble in acids, and is de- 
composed by ammonia, which removes the greater part of 
the acid. 

499. Acetate of lead {PbO^C^H^O^+SAq) gives a white 
precipitate of succinate of lead (PbO,C4H203), which is 
soluble in acid solutions, and is decomposed into a basic 
salt by ammonia. 

500. (C) When treated with a mixture of chloride of 
hariumy ammoniay and alcohol, solutions containing suc- 
cinic acid, give a white precipitate of succinate of baryta 
(BaO,C,H,03). 

SECTION VI. 

Benzoic Acid (UOfi^flfl,). 

501. Benzoic acid is scarcely soluble in cold water, but 
rather more so in hot : it is readily soluble in alcohol. 

502. (C) When heated in a tube, it sublimes and con- 
denses in the form of beautiful needle-shaped crystals: the 
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tZf&t has ia peculiar aromatic odor, and causes an un- 
pleasant sensation in the throat, inducing coughing. 

503. Chloride of calcium (CaCl) gives no precipitate in 
Solutions of benzoic acid, the benzoate of lime being solu- 
ble in water. 

504. Perchloride of iron {Fe^Cl^ gives in neutral solu- 
tions, a light yellowish brown precipitate of perbenzoate of 
iron (Fe^OjjSC^^H^O^) which is soluble in acids, and like 
the succinate, is decomposed by ammonia. 

505. Acetate of lead {PbOjO^H^O^+^g) throws down 
a white precipitate of benzoate of lead (PbO,Cj^H,Oj) in 
solutions of benzoate of potash or of soda, but not in a 
solution of the free acid, or of benzoate of ammonia. 

506. (C) A mixture of chloride ofbariunij ammonia^ and 
alcohol^ gives no precipitate with benzoic acid and the 
benzoates, thus differing from succinic acid (500). 

507. (C) When the solution of an alkaline benzoate, 
as benzoate of ammonia {HJ^fi^C^JIfi^y is treated with 
strong sulphuric or hydrochloric acidy it is decomposed, and 
the liberated benzoic acid, being almost insoluble in water, 
is precipitated in the form of a white crystalline precipi- 
tate ; while the sulphate or muriate of ammonia remains in 
solution. 

J>fH^O,C^JIfi^+HO,SO^^JfH^O,SO^+VLO,Cr^s% 



SECTION VII. 

Acetic Acid {HOyCJl^O^). 

508. Acetic acid is soluble in all proportions in water: 
it dissolves also in alcohol. 

509. (C) When heated> it volatilizes readily, leaving, if 
pure, no residue ; the fumes have an exceedingly pungent 
odor, resembling that of vinegar, which owes its active 
properties to the acetic acid which it contains. 

510. Chloride of calcium^ and the other salts of lime, 
give no precipitate with acetic acid or the acetates. 

Perchloride of iron, also gives no precipitate, but changes 
the color of the solution to a deep reddish brown. 

511. (C) Mtrate of silver (AgOyJVOg) causes in neutral 
solutions, a white precipitate of acetate of silver (AgO, 
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(a) If NO APi>ARENT ACTION TAKES PLACE, the metal is 

Erobably gold or platinum : and if it be found that nothing 
as dissolved, the absence of all the common, easily oxi- 
dizable metals may be inferred. 

(h) If the METAL IS ACTED UPON, AND A WHITE PRECIPI- 
TATE IS AT THE SAME TIME FORMED, which is fouud tO be 

insoluble in water, it is probable that antimony or tin 
is present (391); and if, besides the formation of the 
white precipitate, some of the metal is dissolved (known 
by evaporating a drop of the clear liquid on platinum foil), 
the presence of some other metal, soluble in nitric acid, 
may be relied on. 

(c) If the metal dissolves entirely, the absence of 
gold, antimony, and tin may be inferred. 

532. The matter {if any) which proved insoluble in hydro* 
chloric add (530) is now treated^ first with strong nitric 
acid, and then, if it resists solution^ with nitrohydrochloric 
acid (727), and if necessary boiled. If insoluble in this, it 
is probably one of the insoluble silicates, sulphates, or 
chlorides, and will have to be afterwards examined (578, 
623). 



SECTION n. 

Preliminary examination of liquids, 

533. When the substance given for examination is 
liquid, a drop or two should be evaporated on platinum 
foil, to ascertain whether or not it contains any fixed 
mattier in solution. If such is the case, a small quantity 
of the liquid is to be evaporated to dryness in a basin, and 
the residue examined according to the directions given 
above for solid substances (524, 526 et seq.). Towards 
the end of the evaporation, when the residue is nearly dry, 
and a pellicle of solid matter is formed on the surface, 
it is very liable to spurt, and project small portions of the 
substance out of the basin (644) ; this is best avoided by 
moderating the heat, and by constantly stirring with a glass 
rod, so as to prevent the formation of the pellicle. 

While the evaporation is going on, the following experi- 
ments may be commenced with the solution. 
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534. Take its specific gravity (148). 

635. Test the solution with litmus and turmeric papery to 
ascertain whether it is neutral or otherwise. 

(a) If NEUTRAL, the absence of free acids and alkalies, 
and of acid salts may of course be considered certain. 
It is probable, also, that the only salts present are those 
of the alkalies or alkaline earths, as the solutions of most 
other salts have a feebly acid reaction. 

(J) If it has an acid reaction (known by its reddening 
blue litmus paper) it is owing to the presence of either an 
uncombined acid, an acid salt, or a soluble salt of one of 
the heavy metals, many of which have a feebly acid re- 
action. To ascertain which of these is present, pour a 
little of the solution into a test-tube, and stir it with a 
glass rod, the end of which is moistened with a solution of 
carbonate of potash {K0yC0^+2^q); if this causes a pre- 
cipitate, the acid reaction is probably owing to the presence 
of a metallic salt ; while, if the solution remains clear, a 
free acid or an acid salt is probably the cause. 

(c) If the solution has an alkaline reaction (known 
by its turning turmeric paper brown), it is probably owing 
to the presence of a free alkali or alkaline earth, one of 
the alkaline carbonates, or an alkaline sulphide. In this 
case we are enabled to exclude at once all oxides which are 
insoluble in alkaline solutions ; and if alkaline carbonates 
are present, none of the alkaline earths can exist in solu- 
tion, since they would be thrown down as insoluble car- 
bonates. 

536. If the solvent liquid is supposed from its taste or 
SMELL, to be other than water, it may be necessary to in- 
sulate it from the solid matter it contains, for examina- 
tion. This is best done, if the liquid is volatile, by distil- 
lation in a small retort (61), or if the quantity of liquid 
is minute, the distillation may be effected in two small 
tubes as shown in the figure, a being the retort, and b 
the receiver ; the latter may, if necessary, be kept cool by 
immersion in cold water. The liquid should be poured 
down a long tube funnel, to avoid soiling the long limb of 
a. The distilled liquid may then be examined as to its 
taste, smell, specific gravity, boiling point, &c. 

14* 
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Fig. 74. 




537. When the substance to be examined is liquid, con- 
taining solid matter in suspension, the latter is to be sepa- 
rated by filtration, and the solid and liquid portions examined 
separately, according to the directions given (524 et seq. and 
533 et seq.). 



SECTION m. 



Actual Analysis. 



Introductory remarks. 

538. Having learnt from the preliminary experiments 
just described, the general nature of the substance under 
examination, together with its degree of solubility, &c., 
we proceed to the actual analysis by means of liquid tests, 
with a view to ascertaining the exact constituents of which 
it is composed. 

We will first, for the sake of simplicity, and leaving en- 
tirely out of sight all the rarer substances (179), describe 
the processes to be followed in the analysis of simple salts, 
which are known to contain only one metallic oxide or base, 
combined with one acid ; as for example, sulphate of pot- 
ash (K0,S03) ; or a binary compound of a metal widi a 
non-metallic body (or haloid salt), such as chloride of cal- 
cium (CaCl) ; and first those which are readily soluble in 
water. It is usual to determine the base first, and when 
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that is done, the student may pass on to (656), and com- 
mence testing for the acid. 

539. When the presence of any metal or acid is indi- 
cated by the action of a reagent employed in qualitative 
analysis, it is always necessary to confirm our supposition 
by applying other tests, as it is rarely the case that a single 
test is sufficiently decided in its results to render the pre- 
sence of a metal absolutely certain. The student, there- 
fore, when he is led to infer ftdm the result of an experi- 
ment, that a certain substance is present, should refer to 
the action of other reagents on the particular metal or acid 
in question ; when he will have no difficulty, by applying 
two or three of the most characteristic tests to some of the 
original solution, in proving his supposition to be correct or 
otherwise. 



CHAPTER II.* 

QUALITATIVE ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID, WHICH IS READILY SOLUBLE IN WATER 
(529). 

SECTION L 

Examination for the base of the salt. 

540. Having made a tolerably strong solution of the 
salt, a little of the solution is treated with a drop or two of 
dilute hydrochloric add (HCl). If this causes a white 
PRECIPITATE, it is probably owing to the presence of either 
lead, silver, or protoxide of mercury, the chlorides of which, 
being more or less insoluble, are precipitated as soon as 
formed. In order to distinguish between them, a portion 
of the liquid with the precipitate, is supersaturated with 
ammonia (JVffg). 

* The student will find in the Appendix a list of salts, &c., which may 
bt taken for practice in qualitative analysis. He may examine a few of 
Moh kind with the assistance of the book, until he finds himself tolerably 
fiinlliar with the processes j after which he may try them without refer- 
to the printed directions. 
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(a) If this DISSOLVES the precipitate^ the base is pro- 
bably oxide of silver (377). 

(6) If the precipitate recomes dark colored, the base? 
is probably protoxide of mercury (338). 

(c) If the precipitate remains unaltered by the am* 
monia, the base is probably oxide of lead (362). 

In either case, a portion of the original solution should 
be tried \¥ith some of the most characteristic tests for the 
suspected metal (539). 

Hydrosulphuric add test. 

541. If no precipitate is caused by the hydrochloric acid, 
the acidified portion of the solution is mixed with one of 
hydrosulphuric acid {HS\ or the gas may be passed through 
it (730) until it smells perceptibly. If this causes no 
CHANGE, the student may pass on to (547), but if a preci* 
piTATE IS produced, the base is thus shown to be one of 
those in the fourth class (179), since none of the others are 
precipitated from an acidified solution by hydrosulphuric 
acid. 

542. If THE PRECIPITATE IS RLACK, the basc is either 
oxide of lead, oxide of copper, oxide of bismuth,* or per- 
oxide of mercury. To prove which of these it is, add to 
separate portions of the original solution in a test tube, the 
following tests, until one of them is found to indicate the 
metal present. 

(a) Add a little dilute sulphuric add (HO^SO^), If this 
causes a white precipitate, the base is probably oxide of 
lead, the white precipitate being in that case sulphate of 
lead (PbOjSOg) (361). To confirm this, add some of the 
other tests for lead (356, 363, 364). 

(b) If the sulphuric acid GIVES NO precipitate, add to 
another portion a solution of ammonia {J^H^) ; if this causes 
at first a light hlue precipitate, which on the addition 
of ammonia in excess, redissolves, forming a deep rich 
blue solution, the base is oxide of copper (369). (Con- 
firm 371, 372.) 

(c) To another portion of the original solution, add a 

• Bismuth is seldom met with in soluble compounds, since most of its 
salts are insoluble, or only very sparingly soluble, in water. 
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lew dropi of a solation of potash (KO) : if this causes a 
YEUjaw FRECiFiTATE, the base is peroxide of mercury (351). 
(Confirm 346, 353, 354.) 

{d) If none of these tests succeed, a little of the solu- 
tion should be evaporated nearly to dryness with hydrochloric 
add^ and then added to a considerable quantity of water in 
a test tube; if a avhite fbecipitate is produced, the base 
is probably oxide of bismuth (394). (Confirm 395, 397.) 

543. If THE PRECIPITATE CAUSED BY HTDEOSULPHURIC 

ACID 18 BRowsr, the basc is probably protoxide of tin (381). 
(Confirm 379, 382, 386.) 

544. If THE PRECIPITATE CAUSED BY HYDBOSULPHUBIC 

ACID IS YELLOW, either the base is peroxide of tin (388), 
or one of the oxides of arsenic is present (307).* To de- 
termine which of these it is, add to a portion of the ori- 
ginal solution, a few drops of dilute ammonia; if this causes 
a WHITE PRECIPITATE, the base is probably peroxide of tin 
(390) ; (Confirm 387, 393 ;) while if the solution remains 
CLEAR, the yellow sulphide is probably that of arsenic.f 
(Confirm 303, 312.) 

545. If THE COLOR OF THE PRECIPITATE THROWN DOWN 

BY HYDROsuLPHURic ACID IS ORANGE, the base is probably 
oxide of antimony (329). (Confirm 332, 334.) 

546. If THE PBECIPITATE WITH HYDROSULPHUBIC ACID IS 

WHITE, the base is probably peroxide of iron, sulphur being 
in that case precipitated (278). (Confirm 280, 282.) 

Hydrosulphate of ammonia test, 

547. When hydrosulphuric acid causes no precipitate, 
it may be inferred that no metal of the fourth class (179) 
is present, and that the metal contained in the salt be- 
longs consequently to one of the three other classes. Add 

• Although both the oxides of arsenic (AsOg and AsOg) have acid pro- 
perties, they are best included here among the bases, on account of their 
behavior with hydrosulphuric acid. 

f When in the examination of a salt, the precipitate with hydrosulphuric 
acid is found to be owing to the presence of arsenic, we ?nust still seek for 
the baae by further experiments, since both the oxides of arsenic arc acids. 
When the substance is soluble in water, the base in combination with tl»e 
•raenioiis or arsenic acid will probably be found to be one of the nlkitli*^ 
iiDoe the artenites and arseniates of all the other metallic oxidcn m^ «>^"^' 
kuble in water. 
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a little muriate of ammonia {J^H^CVf to a portion of the 
original solution, and then a few drops of dilute amm^onia^ 
unless the solution was quite neutral ; in which case the 
addition of ammonia is unnecessary, its use being to pre- 
vent the presence of any excess of acid, which might in- 
terfere with the action of the hydrosulphate of ammonia 
(440). 

548. Add now to the neutral or slightly ammoniacal solu' 
tion, hydrosulphate of ammonia. If this causes no pre- 
cipitate, none of the metals of the third class can be 
present, and the student may pass on to (553). If a pre- 
cipitate APPEARS, however, the base is thus shown to be 
one of those included in the third class: viz. alumina, 
oxide of chromium, oxide of zinc, protoxide of manganese, 
protoxide of iron, peroxide of iron, oxide of nickel, or oxide 
of cobalt. 

549. If THE PRECIPITATE IS BLACK, the basc is either 
protoxide or peroxide of iron, oxide of nickel, or oxide of 
cobalt. To distinguish between them, add to a fresh por- 
tion of the solution a little caustic potash, 

(a) If this causes a dull pale green precipitate, which 
on exposure to the air becomes rust colored,! the base is 
protoxide of iron (273). (Confirm 276.) 

(6) If it throws down a rust colored precipitate, the 
base is probably peroxide of iron (281). (Confirm 282.) 

(c) If the precipitate caused by potash is pale green, 
which does not become brown by exposure to the air, the 
base is probably oxide of nickel (288). (Confirm 287, 291, 
292.) 

{d) If the precipitate is light blue, changing to dirty 
pink when boiled, the base is probably oxide of cobalt (295). 
(Confirm 296, 299.) 

550. If THE precipitate caused by hydrosulphate of 
ammonia is flesh-colored, becoming brown by exposure 

• Muriate of ammonia is here added to prevent the precipitation of any 
magnesia that may be present (200), which, as it does not belong to the 
third class, might cause confusion. 

t When it is expected that a change of color will be caused by exposing 
a precipitate to the air, the best way is to pour a little of the precipitate 
with the solution containing it, on a piece of filtering paper, when it will 
come more completely in contact with the air than when allowed to remain 
in the test tube. 
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to the air, the base is probably protoxide of manganese 
(263). (Confirm 264, 267.) 

551. If THE PRECIPITATE THROWN DOWN BY THE HYDRO- 
SULPHATE IS WHITE, the base is either alumina or oxide of 
zinc. To distinguish between them, add to a fresh portion 
of the original solution a little dilute ammonia, 

(a) If this causes a white precipitate which is readily 
SOLUBLE in excess of ammonia, the base is oxide of zinc 
(255). (Confirm 260, 261.) 

(ft) If, on the contrary, the white precipitate thrown down 
by ammonia is insoluble in excess, the base is alumina 
(241). (Confirm 245.) 

552. If THE precipitate caused by the hydrosulphate 
IS GREEN, the base is probably oxide of chromium (247). 
(Confirm 248, 251, 252.) 

Carbonate of soda test, 

553. In case neither hydrosulphuric acid nor hydrosul- 
phate of ammonia produces any precipitate, we know that 
no metal of the third or fourth class can be present, and 
that the base we are in search of must consequently belong 
either to the first or second class. 

Jldd carbonate of soda {JVaO^CO^) to a portion of the 
original solution: if this causes no precipitate, the base 
does not belong to class II., and the student may pass on 
to (555). If, on the contrary, a white precipitate is pro- 
duced, the base is one of those included in the second 
class, viz., magnesia, lime, baryta, or strontia. 

554. To determine which of these it is, add to a little of 
the original solution in a concentrated state, a few drops 
of sulphuric acid or sulphate of soda, 

(a) If this causes no precipitate, even after standing a 
few minutes, the base is probably magnesia (205). (Con- 
firm 206, 209.) 

(ft) If, on the contrary, a precipitate is produced, the 
base is either lime, baryta, or strontia : to distinguish be- 
tween them, add to another portion of the original solution, 
a solution of sulphate of lime, 

(c) If this causes an immediate precipitate, the base is 
probably baryta (225). 

(d) If the precipitate does not appear at first, but 
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GRADUALLY SEPABATES after some little time, the base is 
probably strontia (233). (Confirm 236.) 

(e) If NO PRECIPITATE is caused by sulphate of lime, even 
after standing, and if oxalate of ammonia gives a white 
precipitate in the diluted solution, the base is lime (218). 
(Confirm 216, 219.) 

555. If neither hydrosulphuric acid, hydrosulphate of 
ammonia, nor carbonate of soda produces any precipitate, 
the base is one of the first class, viz. potash, soda, or am- 
monia. To ascertain which of these it is, 

(a) Add to a portion of the dry salt, or of the concen- 
trated solution, in a test-tube, a little caustic potash (iTO), 
and boil : if the smell of ammonia is perceptible, and if 
the vapor produces dense white fumes, when a rod moist- 
ened with hydrochloric acid is held near the mouth of the 
tube, the base is ammonia (195). (Confirm 192, 194.) 

(6) If it is not ammonia, add a little bichloride of pla- 
tinum to the concentrated solution ; if this causes a yix- 
Low crystalline precipitate either immediately or after 
standing a short time, the base is potash (185). (Confirm 
186, 187.) 

(c) If NO precipitate appears, and if the solution from 
the last experiment, on evaporating spontaneously, depo- 
sits yellow needle shaped crystals, which are readily 
soluble in water, the base is soda (188). (Confirm 189, 
190.) 

SECTION II. 

Examination for the add* 

556. Having ascertained the base of the salt under 
examination, we next proceed to discover the acid with 
which it is combined ; and here we will, as before, for the 
sake of simplicity, leave out of sight all the rarer ones, and 
confine ourselves to those inorganic acids which are most 
commonly met with in analysis, viz. 

• Aflcr determining the base of a salt which we know to be soluble in 
wntor, it is of course unnecessary, in the subsequent examination, to look 
for Hny ncud that forms with the base an insoluble salt (See Table of Solu- 
bilitii>s ill the Appendix). 
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Sulphuric {UO,SO^), 
Phosphoric (PO,). 
Boracic (BO,). 
Carbonic (COJ. 
SiUcic (SiO,). 



Hydrochloric (HCl). 
Hydriodic (HI). 
Hydrosulphnric (HS), 
Nitric {HO,J>rO,). 
Chloric (HO.CIO,). 



557. A portion of the original solution, which for this 
urpose should be tolerably concentrated, is first treated 
ith dilute sulphuric acid. If no apparent change takes 

X'ls^ce, the student may pass on to (558) ; but if effer- 
"v^acENCE ensues, the acid is probably either carbonic or 
l&ydrbsulphuric. 

(a) If the gas evolved is inodorous, the acid is proba- 
Toly carbonic (419). (Confirm 420, 421.) 

(ft) K the gas has a smell resembling that of rotten 
^KGGS, the acid is bydrosulphuric, or sulphur combined 
•Mdth a metal (438). (Confirn^ 439, 443.) 

^c) If the dilute sulphuric acid gives a pale yellow or 
BROWN COLOR to the solution, the acid is probably hydri- 
odic, in which case iodine is set free, and being slightly 
soluble, colors the liquid (437). (Confirm 434, 435, 436.) 
(See also 559 6.) 

558. If no effect is produced by the dilute sulphuric 
acid, a portion of the original neutral solution is tested 
with chloride of barium {BaCl) ; if this produces no pre- 
cipitate, the student may pass on to (559) ; but if a pre- 
cipitate APPEARS, the acia is probably either sulphuric, 
phosphoric, boracic, or silicic,* since baryta forms with 
each of them an insoluble salt. 

(a) To distinguish between them, add a little strong 
hydrochloric add to the mixture with the precipitate; if 
the latter does not dissolve, the acid is probably sul- 
phuric, because the sulphate of baryta is insoluble, while 
the phosphate, borate, and recently precipitated silicate of 
baryta, are' soluble in hydrochloric acid (403). (Confirm 
404, 405.) 

If, on the contrary, the precipitate dissolves in the 

• Arsenioas or arsenic acid, if present, would also cause a precipitate 
with cliloride of barium ; but its presence will have been already asccr- 
tained during tlie examination for the batse of the salt (044). 

15 



170 QUALITATIVE AKALTSIS. 

hydrochloric acid, the acid is either phoisphoric, boracic, or 
silicic. 

(6) Evaporate a little of the original soliUion to dryness . 
with hydrochloric add; treat the residue again with more 
of the acid; wash the insoluble matter (if any) with water, 
and examine it before the blowpipe with carbonate of soda; 
if a TRANSPARENT COLORLESS BEAD is obtained in this way, 
the acid is silicic (427). (Confirm 424.) 

(c) If it is not silicic, add a little mtrate of silver to a 
portion of the original solution ; if this gives a pale yellow 
PRECIPITATE, the acid is probably phosphoric (410). (Con- 
firm 409, 412.) 

{d) If THE PRECIPITATE THUS PRODUCED IS WHITE, and 

soluble in nitric acid and in ammonia, it is probably boracic 
(416). (Confirm 417, 418.) 

559. If chloride of barium causes no precipitate, a por- 
tion of the original solution must be treated with nitrate of 
silver {^gOyJVOg): if this causes no precipitate, pass oa 
to (560), but if A precipitate is produced the acid is pro- 
bably either hydrochloric or hydriodic. 

(a) If the precipitate is white and curdy, insoluble in 
nitric acid, but readily soluble in ammonia, the acid is 
hydrochloric (429). (Confirm 431.) 

(6) If the precipitate has a pale straw color, and is 
almost insoluble in ammonia, the acid is probably hydri- 
odic (433). (Confirm 435, 436.)^ 

560, If neither chloride of barium nor nitrate of silver 
give any precipitate, the acid is probably nitric or chloric. 

(a) Warm a little of the concentrated solution with strong 
sulphuric acid and copper filings; if orange FUBfES are 
given off, the acid is probably nitric (448). (Confirm 449, 
450.) 

{h) If the acid is not nitric, test a small quantity of the 
solution for chloric acidy in the manner described in (464, 
455), and confirm 457. 
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CHAPTER III. 

QlTALITATXyE ANALYSIS OF A SIMPLE SALT, CONTAINING ONE 
BASE AND ONE ACID (oR A SIMPLE METAL), WHICH IS 
INSOLUBLE OR NEARLY SO IN WATER, BUT SOLUBLE EITHER 
IN HYDROCHLORIC^ NITRIC, OR NITROHYDROCHLORIC ACID 
(530 ET SEQ.). 

SECTION I. 

Examination Jhr base. 

561. In dissolving a substance in acid for the purpose of 
analysis, it is advisable to avoid using a large excess of 
the solvent, since it might afterwards interfere with the 
action of some of the reagents; when a large excess has 
inadvertently been used, it is consequently necessary to get 
rid .of most of it by evaporation, taking care of course that 
sufficient acid is left to retain the substance in solution. 
Most of the substances which are insoluble in water and 
soluble in acids, owe this solubility to their conversion into 
compounds which are soluble in water ; as when zinc or 
marble is dissolved in dilute hydrochloric acid, the metallic 
chloride which is formed {ZnCly or CaCl), is soluble in 
water, and consequently requires no excess of acid to 
retain it in solution. In some cases, however, when the 
acid acts merely as a solvent towards the substance, with- 
out causing decomposition, it is necessary to have an exces 
of acid, to retain it in solution. This is the case with the 
phosphates of the alkaline earths, and some other salts, 
which would not dissolve again if the whole of the acid 
used to dissolve them, were to be expelled. 

562. When nitric acid has been employed, either alone 
or in conjunction with hydrochloric acid, it is advisable to 
expel it, and convert the nitrates into chlorides by adding 
an excess of hydrochloric acid, filtering if necessary (as 
when silver, lead, or mercury are present (540) ), evapo- 
rating the solution nearly to dryness, and adding water or 
dilute hydrochloric acid. The reason why it is advisable 
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to get rid of the nitric acid is, that it oxidizes and decom- 
poses hydrosulphuric acid, which has to be applied as a 
test, and thus prevents that reagent playing its proper part 
in the process. 

Hydrosulphuric acid test. 

563. Dilute the acid solution with three or four times 
its bulk of water,* and test a portion of it with hydro^ 
sulphuric acid; if this causes no precipitate, pass on to 
(564); but if a precipitate is produced, refer back to 
(540 to 546), as this part of the examination is conducted 
in the same way as when the substance is soluble in 
water. 

Hydrosulphate of ammonia test, 

564. If hydrosulphuric acid gives no precipitate, the 
base cannot belong to the fourth class. A portion of the 
solution should next be neutralized with ammonia if it con- 
tains an excess of acid, or if neutral, a little muriate of 
ammonia should be added (547), and subsequently treated 
with hydrosulphate of ammonia. 

If this causes no precipitate, pass on to (570) ; but if 
A precipitate is thrown down, the base is probably one 
of those belonging to Class III; or else the precipitate may 
consist of the phosphate of one of the alkaline earths, 
which, in that case, would have been dissolved by the 
acid, and reprecipitated unchanged, when the acid was 
neutralized by the ammonia and hydrosulphate of ammonia. 

565. If the precipitate caused by the hydrosulphate 
is BLACK, the base is probably protoxide or peroxide of iron, 
oxide of nickel, or oxide of cobalt. To distinguish be- 
tween them apply the tests mentioned in (549). 

566. If the precipitate thrown down by the hydro- 
sulphate is FLESH-coLORED, bccomiug browu by exposure 
to the air, the base is probably protoxide of manganese 
(263). (Confirm 264, 267.) 

567. If the precipitate is green, the base is probably 
oxide of chromium (247). (Confirm 248, 251, 252.) 

• If a white precipitate is formed on diluting the acid solution, it is pro- 
bable that either antimony, bismuth, or tin is present (332, 394, 380). 
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m 

568. If the precipitate is white, the base is either 
alumiaa or oxide of zinc ; or else the precipitate consists 
of the phosphate (or ammoniophosphate) of magnesia, lime, 
baryta, or strontia (564).* 

To a portion of the original solution, add potash in ex- 
cess; if THE precipitate AT FIRST FORMED REDISSOLYES, 

the base is either alumina or oxide of zinc, which may be 
distinguished from each other in the manner described in 
(551). 

569. If the precipitate thrown down by potash is 
INSOLUBLE IN EXCESS, it consists probably of an earthy phos- 
phate, the base being consequently magnesia, lime, baryta, 
or strontia. In such a case, it is advisable, before pro- 
ceeding to ascertain which of these is the base present, to 
separate the phosphoric acid from it. This is done by 
adding perchloride of iron {Fe^Cl^ to the acid solution, 
and subsequently ammonia in slight excess; when the 
whole of the phosphoric acid is precipitated as perphos- 
phate of iron (2Fe,03,3HO,3PO^), and any excess of per- 
chloride of iron is at the same time precipitated by the 
ammonia as hydrated peroxide; leaving in solution a chlo- 
ride of magnesium, calcium, barium, or strontium, together 
with muriate of ammonia. The solution thus obtained, 
and filtered from the precipitate of iron, may now be tested 
with carbonate of soda, and further examined according to 
the directions given in (554). 

Carbonate of soda test. 

570. If hydrosulphate of ammonia causes no precipitate, 
a portion of the original solution is to be tested for the 
alkaline earths with carbonate of soda (553, &c.). 

571. With regard to the alkalies, it is hardly necessary 
to allude to them here, as the compounds which they form 
with all the acids in our list (with the exception of silicic) 
are soluble in water. In the case of an insoluble alkaline 
silicate, it is only necessary to evaporate a little of the 
acid solution of it to dryness, and treat the residue with 

* Some other salts of the alkaline earths, as the oxalates and borates, 
woald, if present, be thrown down when the solution is neutralized, being 
like the phosphates, soluble only in acid solutions. For the sake of sim- 
nlicity, however, the consideration of such comi)ound8 is here omitted. 

15* 
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water. The silicic acid will then be left insoluble (425), 
and the aqueous solution of the alkaline chloride may be 
tested ior potash and soda in the manner described in 
(555). 



SECTION n. 

Examination for the add. 

572. If the acid is arsenious or arsenic, it will have 
been detected in the course of the examination for base 
(563). It is unnecessary to look for chloric acid, since all 
its salts are soluble in water, and consequently cannot be 
met with here. 

573. A small portion of the substance in the solid state 
is first treated with hydrochloric add; if this causes ef- 
fervescence, the acid is probably carbonic (419) ; (Con- 
firm 420) ; or if the gas which is given ofi* has the sbiiell 
OF HTDRosuLPHURic ACID, the substaucc under examina- 
tion is probably a metallic sulphide (438). (Confirm 439, 
444.) 

574. If the substance is not acted on by the hydrochloric 
acid, treat a little of it vAth nitric addy and if necessary, 
boil it. 

(a) If this CAUSES effervescence, orange fumes of ni- 
trous acid being given off, and sulphur at the same time 
deposited, the substance is probably a metallic sulphide 
(439). (Confirm 444.) 

(6) If the substance dissolves in nitric acid without 
eefervescence, add nitrate of silver to the acid solution ; 
a WHITE curdy precipitate, soluble in ammonia, indicates 
hydrochloric acid, the original substance being in that case 
a chloride (429). (Confirm 431.) 

575. Treat a little of the substance in the solid state with 
strong sulphuric add, and apply heat. 

(a) If this causes the disengagement of violet vapour 
OF iodine, the substance under examination is an iodide 
(436). 

(6) Add a little alcoliol to the acid mixture, which for 
this experiment should not contain more than a few drops 
of sulphuric acid, and apply a light to it in a small eva- 
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porating dish, placing it in a daric corner, so as to distin- 
gaish ihe color of the flame more readily. If the fuimc 
IS GREEV at the edges, the acid is probablT boracic (418). 
(Confirm 417.) 

(e) Evaporate to dryness a little of the substance after 
boiling with salpharic acid, and digest the residue in hot 
hydro^loric add; if this leares a white insoluble pow- 
der, which when washed, and heated before the blowpipe 
with carbonate of soda; fuses into a colorless transparent 
bead, the add is silicic (425, 427). 

(d) Dilute the hydrochloric acid solution formed in (c) 
wiUi water, and add a solution of chloride of barium; if 
this causes a white precipitate, which is insoluble in 
nitric acid, the acid is probably sulphuric (403). (Confirm 
405, 406.) 

576. In testing for phosphoric acid, one of the two fol- 
lowing methods may be adopted, according as the base of 
the sdt has been found to belong to the second, third, or 
fourth class (179). 

(a) If the base is one of those in Class IV., the diluted 
acid solution of the substance, containing only a slight 
excess of acid, is saturated with hydrosulphuric acid (730), 
which precipitates the metal, and sets free the phosphoric 
acid (if present), which remains dissolved in the solution. 
3CuO,PO,+ ms^3CuS+3HO,PO,. 

The liquid should now be filtered from the precipitated 
sulphide, concentrated by evaporation, supersaturated with 
ammonia^ and tested with sulphate of magnesia; if a white 
crystalline precipitate is gradually produced, which is in- 
soluble in muriate of ammonia, the acid is probably phos- 
phoric (409). (Confirm 410, 412.) 

(6) If the base has been found to belong to Class II. or 
in., perchloride of iron {Fe^Cl^) is added to a portion of 
the solution of the substance in hydrochloric acid, and 
subsequently ammorda in slight excess; the phosphoric 
acid, if present, is precipitated in combination with the 
iron as perphosphate of iron, together with a little hydrated 
peroxide of iron, if the perchloride has been added in ex- 
cess. The precipitate thus formed, containing the whole 
of the phosphoric acid (if sufficient perchloride of iron has 
been added), is now well washed with distilled water, and 
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probably a silicate. In this case, the hydrochloric acid 
solution, together with any portion that may have resisted 
solution, is evaporated to dryness, and the residue treated 
with hydrochloric acid, and subsequently with water; if a 
WHITE INSOLUBLE POWDER remains, which fuses with car- 
bonate of soda before the blowpipe into a clear colorless 
bead, silicic acid is present (425, 427). 

The solution obtained in (6), by treating the dry residue 
with hydrochloric acid and water, contains the base with 
which the silicic acid was combined ; and may be examined 
according to the directions given in (563 et seq.). 



CHAPTER V. 

QUALITATIVE ANALYSIS OF A MIXTURE OF TWO OR MORE SALTS, 
WHICH MAY CONTAIN ALL THE BASES AND ACIDS IN THE LIST 

(179). 

Introductory remarks. 

581. Unless we have reason to know that a substance 
intended for analysis, contains only one base and one acid, 
it is necessary to assume that it may contain any or all of 
the more common saline compounds. Such an analysis is 
of course considerably more complicated than that of a 
single salt, and consequently the necessity of having a well 
devised scheme of experiments is here even greater than 
in the former case, when only one base and' acid had to be 
determined. 

The method of dealing with such a mixture is, first to 
separate the whole of the metals of the fourth class (if any 
are present), by passing hydrosulphuric acid gas through a 
solution of the substance acidified with hydrochloric acid, 
and filtering the solution from the precipitate : the precipi- 
tate is then dissolved in acid, and tested successively for 
each of the metals of the fourth class. The filtered solu- 
tion, containing all the bases but those of the fourth class, 
is then neutralized, and treated with hydrosulphate of am« 
monia, which throws down all the metals of the third class 
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(if any are present) ; and the precipitate filtered from the 
solution is dissolved in acid, and tested successively for 
each metal of the third class. The solution, filtered from 
the sulphides can now only contain any metals of the first 
and second class that may be present, which may readily 
be distinguished by a few simple tests. 

582. The student must be careful, when making these 
experiments, that he adds sufficient of the various re- 
Hgents, to throw down the whole of the metals affected by 
them, since any traces of the metals belonging to a class 
supposed to have been entirely removed from the solution, 
would materially interfere with the indications afibrded by 
the subsequent tests. For example, in the analysis of a 
mixture of a salt of lead and a salt of lime, if sufficient 
bydrosulphuric acid were not passed through the solution 
to separate the whole of the lead, a black precipitate of 
sulphide of lead would be formed on the addition of hydro- 
sulphate of ammonia to the filtered liquid, indicating the 
presence of one or more metals of the third class, none of 
which are really present. On the other hand, the addition 
of a large excess of any of the reagents is also to be 
avoided, as being not only useless and wasteful, but in 
many cases mischievous. 

Both these errors may be avoided by adding the re- 
agents in small successive portions; and when the experi- 
menter has reason to think that he has added sufficient, let 
him filter a few drops of the mixture, and apply to the 
solution a little more of the reagent : if this produces no 
further precipitate, he may conclude that enough has been 
added. 

583. When a class of metals has been precipitated b^ 
either of the general reagents mentioned in (581), it is 
always advisable, before proceeding to apply any of the 
subsequent tests to the filtered solution, to ascertain whe- 
ther it contains any other fixed bases, as if it does not, the 
examination of it need not be proceeded with. This is 
readily known by evaporating a drop or two of the solution 
on platinum foil, and heating it to redness; when,>if no 
residue is left, it may safely be concluded that all the 
baaes (except ammonia, which must be looked for in a 
separate portion (602) ) have been already separated. In 
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the course of an analysis, especially of a complicated sub- 
stance, it is often necessary to have several solutions in 
hand at the same time ; to avoid confusion^ each of these 
should be labelled with a bit of gummed paper, with a letter 
or mark upon it, referring to a corresponding letter in the 
note book (7). 

684. As one portion of the substance to be analyzed has 
to be carried through several operations, it is advisable that 
the quantity operated on should not be very small. When 
the substance is a solid, twenty or thirty grains may be 
used ; and when in solution, an ounce or two (acconiing 
to the degree of concentration) will be found a convenient 
quantity. 



qpAPTER VI. 

QUALITATIVE ANALYSIS OF A MIXTURE OF SALTS, WHICH MAY 
CONTAIN ALL THE BASES AND INORGANIC ACIDS IN THE LIST 
(179), AND WHICH IS READILY SOLUBLE IN WATER (529).* 

SECTION L 

Examination for bases. 

585. The solution is first rendered slightly acid by the 
addition of a few drops of hydrochloric acid: if this causes 
NO PRECIPITATE, pass on to (586) ; but if a white precipi- 
tate IS PRODUCED, it is owing to the presence of silver, 
lead, or protoxide of mercury. In this case, add hydro- 
chloric acid as long as it causes any precipitate, filter the 
liquid, and wash the insoluble chloride. 

Place a small portion of the moist precipitate in a test- 
tube, and treat it with ammonia. 

• It is of course impossible that such a solution can exist, containing all 
the bases and acids in the list, since several of them would form salts 
whiclwire insoluble in water, as baryta and sulphuric acid, oxide of silver 
and hydrochloric acid, &c. It is consequently unnecessary, after having 
determined the bases in a mixture of salts soluble in water, to look for any 
acids which form with ilicm salts that are insoluble (See Table of Solubili- 
ties in the Appendix). 
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(a) If THE PRECIPITATE DISSOLVES COMPLETELY, it COO- 

si^ wholly of chloride of silver, proving of course the 
presence of silver in the substance under examination 
(377). (Confirm 374, 378.) 

(&) If THE PRECIPITATE IS BLACKENED, and BOt whollj 

dissolved, by the ammonia, it probably contains proto- 
chloride of mercury (338). (Confirm 336, 344.) 

(c) If it appears to be unaffected by the ammonia, 
it is chloride of lead (362). (Confirm 361, 363, 366.) 

(d) If IT DOES NOT WHOLLY DISSOLVE (6 and c), pass the 
ammoniacal mixture through a filter, and neutralize the 
solution with nitric acid: if silver, in addition to lead or 
mercury, is present, it will be reprecipitated as chloride 
(377). (Confirm 374, 378.) 

Hydrosulphuric add test. 

586. The solution, acidified with hydrochloric acid, and 
filtered if necessary from the precipitate, is now treated 
with hydrosulphuric add gas, which must be passed 
through it until, after removing the delivering tube, and 
blowing the air from the surface of the solution, the latter 
smells distinctly of the gas. If no precipitate is pro- 
duced, even on boiling the mixture, pass on to (593) ; but 
if, on the contrary, a precipitate falls, one or more of 
the metals of the fourth class are present ; if this is the case, 
the precipitate must be separated from the solution by fil- 
tration, and washed with distilled water, until a drop of 
the washings leaves no fixed residue when evaporated on 
platinum foil, the filtered solution being carefully reserved 
for further examination (593)."^ 

587. If the precipitate produced by hydrosulphuric 
acid is yellow, it may be owing to the presence of arsenic 
(307), or peroxide of tin (388). In this case it is advisable 
first to dry a little of the precipitate, and test it for arse- 
nic with black flux (303). If arsenic is thus found to be 

* In qualitative analysis the first portions only of the washings need 
be retained (unless we possess only a small quantity of the substance), as 
the rest would only uselessly dilute our solution ; but in quantitative an- 
alyns, it is ncHsesaary to retain the whole of them, as their rejection would 
oooaaion a serioos deficiency in the weight of the substance under examin- 
ation. 

16 
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bonate of soda, and heat it in a hard glass tube; if mer- 
cury is present, metallic globules will condense in the 
upper part of the tube (336). 

592. The nitric acid solution (590) may contain lead, 
copper, and bismuth. 

(a) Evaporate the solution nearly to dryness^ and dilute 
it with water ; if a white precipitate is produced, bis- 
muth is probably present (394). (Confirm 395, 397.) 

(6) To the solution formed in (a), filtered, if necessary, 
from the precipitate, add dilute sulphuric acid; if this 
causes a white precipitate, lead is probaby present (361). 
(Confirm 363, 366.) 

(c) To another portion of the clear solution (a) add 
ammonia in slight excess ; if this gives a pale blue pre- 
cipitate, which readily redissolves in excess of ammonia, 
forming a blue solution, copper is present (369). 

Hydrosulphate of ammonia test. 

593. A few drops of the solution filtered from the preci- 
pitate thrown down by hydrosulphuric acid, or which 
failed to produce a precipitate with it (586), are now eva- 
porated on platinum foil, to ascertain whether it contain 
any other fixed base ; and if it is found to leave no resi- 
due, the examination need not be proceeded with; but if 
A RESIDUE IS left, a Small portion of the solution is neu- 
tralized with ammonia in a test-tube, and treated with 
hydrosulphate of ammonia. If this gives no precipitate, 
the solution does not contain any of the metals in the 
third class, and the student may pass on to (596); but 
if A precipitate appears, the whole of the liquid is simi- 
larly treated, first with ammonia and then with the hydro- 
sulphate^ a little muriate of ammonia being also added, 
unless the solution contained a decided excess of hydro- 
chloric acid, in which case, the muriate would be formed 
on neutralizing the acid with ammonia.* 

When the hydrosulphate has been added as long as it 
causes any precipitate, the liquid is filtered, and the pre- 
cipitate well washed, until a drop of the washings, when 
evaporated on platinum foil and ignited, leaves no fixed 

* See note to 547. 
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The solutioD is now mixed with a little muriate of am- 
monia, unless already formed bj neutralizing an excess of 
ammonia or the bydrosulphate with hydrochloric acid; 
carbonate of ammonia^ mixed with a little ammonia (741), 
is added as long as it causes any precipitate, and the solu- 
tion is boiled. If ko precipitate is thrown down, the 
student may pass on to (598), neither lime, baryta, nor 
strontia being present ; but if a precipitate falls, it is 
owing to the presence of one or more of those bases. In 
this case the mixture is filtered, and the precipitate (which 
may contain the carbonates of the alkaline earths just 
mentioned) is well washed, the filtered solution being re- 
tained for subsequent examination (598). 

597. The precipitate is dissolved in a small quantity of 
hydrochloric add; the solution thus formed is neut^lized 
with ammoiriaj and divided into three portions. 

(a) Add to the first, sulphate of soda as long as it causes 
any precipitate, and filter. If oxcdate of ammonia gives 
with the filtered solution a white precipitate, lime is 
present (216). (Confirm 219.) 

(i) To the second portion add a solution of sulphate of 
lime; if this causes an imbiediate white precipitate, 
baryta is probably present (225). (Confirm 228.) 

(c) The third portion is evaporated to dryness, and a 
little of the residue heated before the blowpipe ; if the 
FLAME IS TINGED WITH A CARMINE COLOR, stroutia is pro- 
bably present (236). (Confirm 232, 233.) 

598. The liquid filtered fix)m the precipitate caused by 
the carbonate of ammonia, or which failed to give a pre- 
cipitate with that reagent (596), is now to be examined. 
If it LEAVES ANv RESIDUE wheu evaporated on platinum 
foil, it may contain magnesia, potash, and soda. 

When lime, baryta, or strontia have been detected in the 
mixture, it is always advisable to test a little of the solu- 
tion filtered from the carbonates, with oxalate of ammonia 
and sulphate of soda^ in order to see whether the whole of 
the three earths had been separated by the carbonate of 
ammonia: if either of the tests shows traces of them, the 
solution is to be again boiled with a fresh addition of am- 
monia and carbonate of ammonia, until the whole of them 
is removed. 
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599. A little of the ammoniacal solution, moderately 
concentrated, is now tested -with, phosphate of soda; if this 
causes a wh;te crystalline precipitate magnesia is pre- 
sent (206). (Confirm 208, 209.) 

600. If MAGNESIA IS NOT PRESENT, the ammoniacal solu- 
tion is evaporated to dryness, and the residue ignited to 
expel the ammoniacal salts ; the residue is then dissolved 
in as small a quantity as possible of water, and the solu- 
tion divided into three portions, to be tested according to 
the directions given in (601). 

When magnesia is present, it is necessary to separate 
it from the solution, by some reagent which does not eon- 
tain soda, since that alkali has still to be sought for in the 
solution. In such a case, the following is the best method. 
The remaining portion of the ammoniacal solution is eva- 
porated to dryness, and the residue ignited in a small 
platinum crucible to expel the ammoniacal salts. The 
fixed matter is dissolved in a little water, treated with a 
saturated solution of caustic baryta^ and allowed to stand 
some little time, to cause the whole of the magnesia to 
precipitate (208). The mixture is then filtered; dilute 
sulphuric acid is added in very slight excess to the clear 
solution, to throw down the whole of the baryta; and the 
liquid after boiling, is filtered. The filtered solution is 
evaporated to dryness, to expel the excess of sulphuric 
acid ; and the residue is gently ignited ; this is redissolved 
in the smallest possible quantity of water, and the solution 
divided into three portions. If no residue is left after 
the ignition, neither of the fixed alkalies is present. 

601. (a) The first portion is tested with bichloride of 
platinum^ for potash (185). 

(6) The second portion is acidified with tartaric add^ 
also for potash (186). 

(c) The third portion is tested with antimoniate of pot* 
ashy for soda (189). (Confirm 188, 190.) 

608. As the substance under examination has to be 
ignited during the analysis, it is of course impossible that 
amihonia can be detected with the other alkalies in the 
process now described. A portion of the original solution 
IS therefore to be mixed with an excess of caustic potash^ 
and warmed ; if ammonia is present, it may be detected 
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by the sifiELL, or by holding a rod moistened with hydrO' 
chloric acidj near the mouth of the test-tube (195). 

SECTION n. 

ExanUnaHonJhr the adds. 

603. The original solution of the substance is first ex- 
amined with litmus and turmeric paper; if it has an acid 
reaction, a little of it is tested in the manner described 
in (535 b)y and if it is found to owe its acid reaction to 
the presence of free acid, the solution must be carefully 
neutralized with dilute potash; but if it is only a me- 
tallic salt which caused it, the solution may be considered 
neutral. If, on the other hand, the liquid has an alkaline 
reaction, which may be owing to the presence either of 
a free alkali, or of alkaline carbonates or hydrosulphates, 
it must be rendered perfectly neutral by hydrochloric acid^ 
and boiled, to expel carbonic or hydrosulphuric acids if 
either are present. 

604. To a small portion of the original solution add 
hydrochloric add in excess: if this causes efferyescence, 
carbonic and hydrosulphuric acids may be present. If no 
efferyescence takes place, pass on to (605). 

(a) If the GAS IS inodorous, or when passed into lime 
water causes a white precipitate, carbonic acid is present 
(419, 420). 

(6) If the gas has a disagreeable smell, and when 
passed into a solution of acetate of lead causes a black or 
brown precipitate, hydrosulphuric acid (sulphur) is probably 
present (438). (Confirm 439, 444.) 

JVitrate of baryta test. 

605. Add to the original solution of the substance, neu- 
tralized if necessary (603), nitrate of baryta as long as it 
causes any precipitate. If no precipitate is formed, pass 
on to (607). The mixture is filtered, and the precipitate 
washed, the clear solution being reserved for further ex- 
amination (607). The precipitate may contain sulphuric, 
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by nitrate of baryta, or in which that reagent failed to 
produce a precipitate (605)9 is now examined. It may 
contain hydrochloric,* hydriodic, nitric, and chloric acids; 
and in addition to these, in case the original solution was 
dilute, or contained ammoniacal salts, traces of boracic, 
arsenious, and arsenic acids. The solution is treated with 
nUrate of silver: if any precipitate is produced, the mix- 
ture is filtered, and the clear solution reserved for subse- 
quent examination (608). 

(a) Add an excess of ammonia to the precipitate ; if it 
DOES KOT WHOLLY DISSOLVE, hydriodic acid (iodine) is pro- 
bably present (433). (Confirm 435, 436.) 

(6) The ammoniacal solution formed in (a) is supersatu- 
rated witK nitric acid: if a white curdy precipitate is 
thrown down, hydrochloric acid (chlorine) is probably pre- 
sent (429). (Confirm 430, 431 .) 

(c) The acid solution formed in (i) may contain traces 
of arsenious, arsenic, and boracic acids. The first two 
will, if present, have been already found in the examination 
fi>r the bases ; the latter may be detected in the manner 
described in (606 i). 

608. The solution filtered from the precipitate thrown 
down by nitrate of silver, or in which that reagent failed 
to produce a precipitate (607), may contain nitric and 
chloric acids; but as nitric acid has been added to it. in the 
nitrates of baryta and silver, some of the original solution 
must be used in this part of the examination. 

(ft) To a small portion of the original solution, add std- 
phuric acid and copper JUings: if orange fumes are disen- 
gaged, nitric acid is probably present (448). (Confirm 449, 
450.) 

(6) Moisten a portion of the original substance in the 
dry state, with strong sulphuric acid: if a greenish gas is 
evolved, chloric acid is probably present (457). (Confirm 
454, 455, 456.) 

* If hydrochloric acid has been used to neutralize the solution (603), it 
wiU of course be precipitated here, so that it will be necessary to test a 
little of the original solution, neutralized with nitric acid, to ascertain 
whether any hydrochloric acid or chlorine is present in it 
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CHAPTER VII. 

QUALITATIVE ANALYSIS OF A BnXTURE OF TWO OR MORE 
SALTS, WHICH MAY CONTAIN ALL THE BASES AND INORGANIC 
ACIDS IN THE LIST (179), AND WHICH IS INSOLUBLE, OR 
NEARLY SO, IN WATER, BUT READILY SOLUBLE IN HYDRO- 
CHLORIC, NITRIC, OR NITROHYDROCHLORIC ACID (530). 

SECTION L 

Examination for (he hdses. 

609. When it has been found necessary to use a large 
excess of acid to dissolve the substance, it is advisable, 
before beginning the analysis, to expel the greater part of 
it by evaporation (561). 

610. When the substance has been dissolved in hydro- 
chloric acid or nitrohydrochloric acid^ it is unnecessary to 
examine it for silver or protoxide of mercury, because the 
corresponding chlorides of those metals are insoluble in 
hydrochloric acid. When the solution has been made in 
nitric acid, a little hydrochloric add is first added to the 
solution : if this causes no precipitate, pass on to (611); 
but if \ WHITE precipitate is produced, silver, protoxide 
of mercury, and lead may be present. In this case add 
hydrochloric add as long as it causes any further precipi- 
tate, filter, and examine the precipitate with ammoniay as 
already described (585), the solution being retained for 
further examination (611). 

611. When nitric acid has been used in dissolving the 
substance, either alone or in conjunction with hydrochloric 
acid, it is advisable to expel it before proceeding to test the 
solution with hydrosulphuric acid; because when nitric 
acid is present in a solution, the hydrosulphuric acid is 
oxidized by it, and is thus prevented from acting in the 
usual manner on the metallic oxides present. The solution 
containing nitric acid should therefore be mixed with an 
excess of hydrochloric acid, filtered if necessary, and 
evaporated nearly to dryness. The concentrated solution 
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is then diluted with water, and if any milkiness is pro- 
duced on dilution, owing to the presence of antimony, 
bismuth, or tin, it may be disregarded, as it will not inter- 
fere with the action of the hydrosulphuric acid. 

Hydrosulphuric add test. 

612. Hydrosulphuric add gas is now passed through the 
dilute acid solution, until^it is saturated ; if this causes no 
PRECIPITATE, even when the mixture is boiled, pass on to 
(614); but if a precipitate is produced, it is owing to 
the presence of one or more metals of the fourth class. 
The precipitate is to be separated by filtration, and washed 
as long as a drop of the washings leaves any fixed residue 
when evaporated on platinum foil ; the clear liquid being 
retained for subsequent Examination (614). 

613. The precipitate, which may contain the sulphides 
of all the metals in the fourth class, after being well washed, 
is digested with hydrosulphate of ammonia^ and the por- 
tions, both soluble and insoluble in the hydrosulphate, are 
examined in the manner described in (588 to 592). 

As, however, in this case, arsenic may coexist with any 
of the other bases of the fourth class (such compounds 
being for the most part soluble in acids), it is necessary to 
examine the precipitate thrown down by acetic acid from 
the solution of the sulphides in hydrosulphate of ammonia, 
FOR ARSENIC, as Well as for antimony and tin. This may 
be easily done by applying the reduction test (303). 

Hydrosulphate of ammonia test. 

614. The solution filtered from the precipitate thrown 
down by hydrosulphuric acid, or which failed to produce a 
precipitate with it (612), is now treated with ammonia and 
hydrosulphate of ammonia^ and examined according to the 
directions given in (593 to 595). As, however, a mixture 
such as we are now considering, which is insoluble in water, 
may contain the earthy phosphates, those compounds, if 
present, will be thrown down by the ammonia and hydro- 
sulphate (564), and it is necessary to examine the precipi- 
tate for lime, magnesia, baryta, and strontia, in addition to 
the metals belonging to Class III. These earthy phosphates, 

17 
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if present, will be thrown down by potash, together with 
any iron that may be present (594, c): that precipitate may 
consequently contain peroxide of iron, together with the 
phosphates of lime, magnesia, baryta, and strontia. 

(a) The precipitate (594, c) is dissolved in hydrochloric 
acid, and to a small portion of the solution thus formed, 

ferrocyanide of potassium is added ; if this causes a blue 
PRECIPITATE, peroxide of iron is present (282). 

(b) To the rest of the solution, perchloride of iron is 
added, and afterwards an excess of ammonia ; this throws 
down the whole of the iron as hydrated peroxide, which 
carries with it in combinati&n, any phosphoric acid that 
may be present; while the solution contains, in the form of 
chlorides, the alkaline earths which were previously com- 
bined with phosphoric acid (569). 

(c) The liquid thus obtained is tested, after filtration, for 
fixed bases, by evaporating a drop on platinum foil ; and if 
A RESIDUE IS LEFT, the solution is examined for lime, 
baryta, strontia, and magnesia, carbonate and muriate of 
ammonia being added, and the precipitate and solution 
treated in the manner described in (597 to 599). 

Carbonate of ammonia test. 

615. The solution filtered from the precipitate caused by 
hydrosulphate of ammonia, or in which that reagent failed 
to produce any precipitate, is now examined for the alkaline 
earths and alkalies, in the manner already described in the 
case of substances which are soluble in water (596 to 602). 



SECTION 11. 

Examination for the acids. 

616. A little of the substance under examination is mixed 
with strong hydrochloric acid ; if effervescence takes 
PLACE, carbonic and hydrosulphuric acids may be present. 

(a) If the gas which is evolved causes a white precipi- 
tate when passed into lime water, carbonic acid is present 
(419, 420). 

(i) If the gas causes a black or brown precipitate 
when passed into a solution of acetate of lead, bydrosol- 
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phnric acid (sulphar in a sulphide) is present (438). (Con- 
firm 444.) 

617. The solution of the substance in hydrochloric acid 
is now examined for sulphuric, phosphoric, and silicic acids. 

(a) A portion of- the hydrochloric acid solution is tested 
with chloride of barium; if this causes a white preci- 
pitate, which is insoluble when warmed with an excess of 
hydrochloric acid, sulphuric acid is present (403). (Con- 
firm 405, 406.) 

(&) A little of the hydrochloric acid solution is evapo- 
rated to dryness, and the residue treated with hydrochloric 
acid; if a white insoluble powder is left, which, when 
washed, and heated before the blowpipe with carbonate of 
soda, fuses into a transparent colorless bead, silicic acid is 
present (425, 427). 

(c) Phosphoric acid may be detected in the following 
manner. To a portion of the hydrochloric solution, per' 
chloride of iron is added, and then ammonia in slight ex- 
cess; the precipitate thus produced is well washed on a 
filter, digested, with the aid of a gentle heat, in hydro^ 
stUphate of ammonia^ and filtered. If the solution thus 
obtained gradually throws down, when concentrated, a 
white CRYSTALLINE PRECIPITATE with sulphatc of magnesittf 
phosphoric acid is probably present (409, 413). (Confirm 
410, 412.) 

618. A portion of the substance is treated with strong 
nitric acidy and, if necessary, warmed. 

(a) If ORANGE FUMES ARE EVQLVED, and a pale yellow 
deposit of sulphur is produced, a metallic sulphide is pre- 
sent (439). (Confirm 444.) 

(6) Add to the nitric acid solution a few drops of nitrate 
of silver; if this causes a precipitate, wash it on a filter, 
and digest in ammonia. If a white curdy precipitate is 
thrown down when the ammoniacal solution is neutralized 
with nitric acid^ hydrochloric acid (a metallic chloride) is 
present (429). (Confirm 430, 431.) 

619. Test a little of the substance for boracic acid in the 
manner described in (606, b), 

620. If the substance disengages violet colored fumes, 
when warmed with strong sulphuric acidy iodine (a me- 
tallic iodide) is present (436). 
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621. Place a fragment of the dry substance on ignited 
charcoal: if this occasions deflagration, nitric acid is 
probably present (447). (Confirm 448, 450.) 

622. Chloric acid need not be looked for in compoi nds 
which are insoluble in water, since all the chlorates are 
readily soluble. 



CHAPTER Vm. 

QUALITATIVE ANALYSIS OF A MIXTURE OF TWO OR MOBB 
SALTS, WHICH MAY CONTAIN ALL THE BASES AND INOB- 
GANIC ACIDS IN THE LIST (179), AND WHICH IS INSOLU- 
BLE, OR NEARLY SO, IN WATER AND ACIDS. 

623. The compounds most likely to be found in such a 
mixture, are those enumerated in (578). The best method 
of rendering such a substance soluble, is to fuse it with 
carbonate of soda (580), either in a platinum or porcelain 
crucible. If any metals of the fourth class are present, 
which may generally be ascertained by moistening a small 
fragment of the substance with hydrosulphate of ammonia 
(579), it is safer to use a porcelain crucible.* When this 
is done, a little silica and alumina will generally be dis- 
solved from the crucible by the action of the soda, and 
will appear in the course of the analysis. 

624. The fused mass is treated with water, filtered, and 
the aqueous solution, which contains chiefly the excess of 
the carbonate of soda used, and some of the acids of the 
insoluble mixture, must be examined, according to the di- 
rections given for the analysis of a mixture soluble in water 
(585, &c.). 

625. The portion of the fused matter which is insoluble 
in water will generally be found to dissolve, when digested, 
for a few hours, with the aid of a gentle heat, in dilvie 
hydrochloric or nitric acid; after which the acid solution 

* See note to 580. 
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be examined, according to the directions given for the 
ds of a mixture which is insoluble in water, but 
e in acids (609, &c.). 

i. When the insoluble substance has to be examined 
:alies, as in the case of many siliceous minerals, it 
)e rendered soluble by fusion with carbonate of baryta 
e. As, however, the analysis of such substances is 
ed with difficulty, the details of the process need not 
le considered.* 

s Rose, " Analyse Ghimique,*' torn. i. p. 611 ; ii. 382; ftlso Paroeirt 
mts of Chemical Analysis," p. 403. 
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hUtoductoty Remarks. 

t»^7. In the prcH'^sses which I hare now described, the 
K>t\|oct v»f the vxperiiueuter has been to ascertain what sub- 
Hti4tu'c«i tirv (>rt'»<rut iti a given salt or mixture of salts, 
^htoh branch ifi aualY$4S is called quoKiative. I will now 
yWiiiil u IVw (>rv>ctrsses which have for their object the 
vlvlvMuiikdtiott (.>f the v{uautity of the ingredients of saline 
vvv^ai(vuiivi«t: thi^ brunch of analysis is called guaniitaike. 
\i iM tiv^ ttkv iutcntton to enumerate the methods which 
h»»\c tH\Mi dv>i^'<\l ti>r the separation and estimation of all, 
^•\\a v»i :lu> uKue v.viumo« compouads, but merely to give 
•lu' \i«ixlv'ai ,i lieuer.-il iuea of the subject* bv comiactiiij 
^i;u iK*M;;i\ .i lex^ ^luple exumples of quindndve ana- 
•\VA. xM'iMiij; :uiiu if he wisiie:? tor more exrencec u- 
•v\.i»a*i\M* A^ iic "ui"^er works of Kose» Fr^senius. «un^ 

v» *N I >M;t iiNi >iu«N Je^'r^be some -u' ie more im- 

. » ;^.,;^i.^:.i^l'. V' iitaI>Ms. .titii '.he >riiiear muse "aearis 
»,.:.s .\.s .\ iK^t . I XT'- ic >e>iiOAS- \vxni ~aem* "iie auirr 
v»..N. ^>..: s *ix t>uitN, .u<^ !!e os«? Ji* i 5i:xire imv n 

•» • ■* 

^ . • -. ■ ' ■*;>••. : TV 1 1- 

« \ 
■ ^'' ■ •■ . *- V '■'• ■ ■'■- ** " w """^•^r.i.*2- 



k\ « ■ « \ 



PDLVEUZATIOK.— DRTIHQ. 



opeaATioiTB iH xnxvtmu. 
Pulverization. 



629. Most snbstaocea may be rf^uud to autRrlenily Aim 
powder for analysis, by pounding in u a>miuim Wmi^wiHui 
mortar: in some cases, however, it is firirt iwi:iiiniuTy tti 
break the sabstance into small fra^meuts, in in' ui inm tH 
gnm-metal; or in default of this, tbe subotiUKri; iuit| l/n 
loosely wrapped in strong brown patwr, mtd Mru<;l( wdtj n 
hammer. When the substance is diffieuit uf mAvSlUU, kS lit 
tbe case of some nJIceous minerals, A is ituauAiiutit utxa* 
aarj to icdnce it to an impalpable powder^ in a MuaU >4{isti! 
mortar; and on ihe fineness of this puJrertxiitkw the SUCCeiHl 
ol an anidyss often depends. 

£3(1. JflacT snbraDcet, eapeciaJJy wh«i« in tli<u sUU tA 
powdeifUiHrt' moisture from 
die MtmoKobta*, whidt, (^ ^''^ ''^ 

L, nuut ic tbeir wei^it 



B^DOvw^asviuE on*. accunH«' 
ly lift gu3m*xv of tijt mi(>- 
stance iir musijKU., y it tuert' 
Sxt II MM lb w^ive i: 
flf ^lit cT^rtis'jt^i'. iKMStuK. 
Tine it )sat*ntiiy uvu^ vv 
beaiiKr rut uuiui. vmtt. ui 
the w'Xis^tfr'j o- simu'MtU ; 
care ien^ tiuH:!] iuu: lu^ mu> 
doa mr a^ »' i.>g; ii. v-. 

canst U«tVU:lJl»l.iO: i ;ii 

botvatar iw-* buj<»i •; '.<' 
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PrecipUoHon. 

633. When a substance is obtuned in adhidotti 
rioQS compounds present are in most cases sq^i 
the purpose of estimation, by adding to it sons- 1 
which causes one or more of the ingredients to pn 
in the solid state ; as, when we wish to estimate fl 
titY of sulphuric acid in any solution, we adt 
solution of chloride of barium, which, if added in I 
Quantity, causes the whole of the acid to precipilil 
K>rm of sulphate of baryta (403), which, being i' 
in water, may be washed without loss, and me 
weighed; the weight of the sulphuric acid whidi 
tains may then be calculated from it (652). 

Precipitation is usually effected in upright g^nsfl 

forms riiown in lh 
Vks-f^ When precipitstimf 

stance in qaantiliti 
lysis, it is im^ 
ficient of the 
added to throw d 
whole of the sahst 
fected by it, as otherwise a deficiency in weight i 
occasioned : this is easily ascertained by adding : 
the precipitant to the solution filtered from the p: 
which will cause a further precipitate if sudSciec: 
before been added. When the precipitate is at a*. ^ 
as the bitartrate of potash or ammoai^phoisphatr 
nesia, it is always aidvisable to allow the misltare 
scTeral hours before filtering, in order to easare t 
ration of the whole of the required sa2: ^ 1S4\. ^ 
whole of the precipitate is thrown cove i: is : 
from the aolatioo either bv filtratics or Cfcasitat 

FUlra*iy^. 

634. The process of fiitraticQ is lit: most c 
adocs:ed fer separating a prtdpitit* frc^si u* i 
wiich ic was wmnL The pap^r >**! t- trrcd iV 
p«we is a tiin wfcire bjocnxkg pa^^-tr. •■r.ici A: 
£viaa YisKle koues, axid sso^jc ]i»Tt« vixtx bcr* 




mnm 



204 



OPERATIONS IN ANALYSIS. 




Fig. 83. 



by capillary attraction, and tend to prevent the passage of 
the clear solution through them. The filter should never 
be allowed to reach higher than the top of the funnel, as 
otherwise the weight of the liquid might cause the paper to 
give way ; and there would also be danger of some of the 

solution running down the 
Fig. 82. outside of the funnel, after 

passing through the project* 
t v « (.V-===^ *'\^3^y* ing paper. When the filter is 

thus prepared, it may be sup- 
ported either on the ring of a 
retort stand (for which the 
form shown at a is very con- 
venient), or on a perforated block of wood placed on the 
glass intended to catch the filtered sohition (169), the hole 
being made to fit the funnel, as shown in the section* 
636. The solution to be filtered, should be poured gently 

down a glass rod, so as to fall 
on one of the slanting sides 
of the filter, and not into the 
apex, as that would endanger 
the bursting of the paper, and 
cause splashing. When the 
whole of the mixture has been 
poured on the filter, fresh 
water should not be added 
for the purpose of washing, 
until the whole of the solution 
has passed through; then, by 
means of a washing-bottle 
(94), the precipitate left on 
the filter is well washed ; the 
current of water being ap- 
plied first towards the upper 
part of the filter, and di- 
rected gradually downwards. 
When the filter has been thus 
nearly filled up with water, allow the whole to run through 
before adding any more, and then repeat the washing, until 
a drop of the filtered liquid leaves no fixed residue whea 
evaporated and ignited on platinum foil. If the precipitate. 
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vbile standing id Ihe filter, cakes together into lumps, 
these must be broken up, by directing upon them a strong 
current of water from the washing-bottle, as otherwise the 
water would not penetrate thetn, and some of the soluble 
matter would escape removal. 

637. It is sometimes necessary to keep the mixture hot 
during filtration, to prevent 
any of the soluble ingredients 
solidifying: this may be done 
Teiy conveniently, by placing 
the funnel in a zinc or copper 
bene of the form shown in the 
figure, which may be kept full 
of hot water, and boiling, if 
necessary, over a lamp. 

638. The liquid is general- 
^ filtered into a beaker glass, 
and occasionally into flasks or 
dishes: it is always advisable 
to cause the stream to run gently down the side of the 
vessel, and not to fall drop by drop into the centre of the 
glass, as this would cause splashing and probably some 
loss. It occasionally happens that some of the precipitate 
passes through with the filtered solution, as may be seen 
m the ^ase of freshly precipitated oxalate of lime or sul< 
phate of baryta. When this takes place, it is sometimes 
necessary to pass it through the filter twice or three times, 
before it comes through quite clear. This may, however, 
in most cases be obviated by boiling the mixture before fil< 
tering, which causes the finely divided particles of the pre- 
cipitate to aggregate together. The presence of some saline 
saatters in solution, also, sometimes prevents a precipitate 
passing through ; muriate of ammonia, for example, exerts 
this property with sulphate of baryta, 

639. When the precipitate on the filter is completely 
washed, the funnel, with its contents, is placed on a small 
tripod, or retort stand, on the warm sand-bath, or near a 
£re, when the precipitate will gradually dry ; it may then 
be separated from the filter, ignited in a small platinum or 
porcelain crucible (648), (unless decomposable at a high 
temperature,) and weighed, 

18 
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640. In cases where the quantity of the precipitate is 
very small, and where it will not bear a red heat without 
decomposition, it is often convenient to use two filters for 
the purpose: they should be folded up together into the 
proper form, and a hole of about an inch in diameter is 
then cut with scissors in the centre of the outer' one; the 
inner one is then clipped round the edge, until it weighs 
exactly the same as the other, when they will, of course, 
accurately counterpoise each other. They are then again 
placed one inside the other, the perforated one being out- 
side, after which, the mixture may be filtered through them, 
washed, and dried. When dry, they are separated and 
placed in the opposite scales of the balance, when the 
difference in weight will give the weight of the precipitate, 
that of the paper being the same in both. 

641. The precipitate may also be weighed in a single 
filter, which should be placed in a covered porcelain cru- 
cible of known weight, dried at 212°, and weighed before 
the mixture is poured in. When the precipitate on the 
filter has been thoroughly washed, the latter is placed in 
the crucible, dried as before, and as Soon as it is cold, again 
weighed, when the increase in weight will,, of course, be 
that of the precipitate. 

642. It is oflen necessary, before weighing a precipitate, 
to burn the filter containing it. After the greater part of 

the precipitate has been 
Fig. 85. removed, the filter is held 

with a pair of pliers, 
and set fire to, over 
the platinum crucible in 
which the precipitate is 
to be ignited, the cru- 
cible being placed in a 
-f^— ^.--^ basin, in case any of the 





ashes should fall over its 
sides ; these are then col- 
lected and ignited in the crucible (648), together with the 
portion of the precipitate previously removed from the filter, 
until the whole of the charcoal derived from the paper is 
burnt away. In cases of great accuracy, the weight of the 
paper ashes, ascertained by weighing those derived from a 
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similar filter, must be deducted from the gross weight; 
when the paper is good, however, it does not contain more 
than one to three-thousandths of its weight of inorganic 
matter, so that this precaution is scarcely necessary in 
ordinary cases of analysis. 

Decantation. 

643. "When a precipitate is found to subside rapidly to 
the bottom of the liquid, and when it is known to be very 
insoluble in water, it may be washed by decantation^ in- 
stead of on a filter, and, in many cases, this is the more 
expeditious method. The mixture is placed in an upright 
jar or beaker, which is then 

filled up with water, and Fig. 86. 

allowed to stand until the 
precipitate has subsided to 
the bottom, leaving the su- 
perincumbent liquid clear. 
The latter is then removed 
with a syphon, or carefully 
poured off, and the jar again 
filled up with distilled wa- 
ter, the process being re- 
peated until all the soluble matter has been removed. The 
wet precipitate is then placed upon a filter, or dried in a 
dishy and weighed. 

Evaporation, 

644. The process of evaporation is generally most con- 
veniently effected in Berlin porcelain evaporating basins, 
either on a sand-bath or over a lamp, a loose cover of filter- 
ing paper being placed over it, if necessary, to prevent 
particles of dust falling into the liquid. Care must be 
taken, in quantitative experiments, that no loss is occa- 
sioned by spurting, and, on this account, it is safer not to 
allow the liquid absolutely to boil. When a saline solution 
has to be evaporated to dryness, it often becomes covered, 
when concentrated, with a pellicle of solid matter, which 
prevents the escape of the steam, which, being thus con- 
fined, occasionally causes some of the mixture to be pro- 
jected violently from the basin. The best way of avoiding 
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Calculation of restUls. 

652. When the weight of a precipitate has been ascer- 
tainedy it is necessary to calculate that of the constituent 
whose weight we wish to learn, and this is readily done 
according to the well known laws of combination in defi- 
nite proportions.* 

For example, let us suppose that we hare to determine 
the percentage of sulphuric acid (SO3) in dry sulphate of 
soda (NaOySOj): we dissolve twenty grains of the salt in 
water, precipitate the sulphuric acid by means of chloride 
of barium (403), and weigh the sulphate of baryta thus 
obtained : from this we have to deduce the weight of the 
sidphuric acid which it contains ; and lastly, to calculate 
from this, the percentage equivalent to it. We find the 
weight of the sulphate of barjrta obtained to be 32.50. 
Knowing the atomic weight of sulphate of baryta (BaO, 
SO3) to be 117, and that of sulphuric acid (SO3) to be 
40, it is easy to calculate how much of the acid is con- 
tained in 32.50 grains of the precipitate, thus : — 

Ate wt of sulph. of Ate. wt of sulph. Wt of sulph. of Wl of sulph. acid 
baryta. acid. baryta obtained, in 32.50 grs.of 

> y / ^ y - ^ '^ V ' sulphate of baryta. 

117 : 40 :: 32.50 x = 11.11 

Thus we find that twenty grains of the dry sulphate of soda 
contain 11.11 of sulphuric acid; and we have now only to 
reduce it to a percentage, to complete the calculation, 
thus : — 

20 : 11.11 : : 100 : x ^ 55.55 sulphuric acid in 100 parts of dry sulphate 
of soda. Or, as 20 is the fifth part of 100, the same result may be obtained 
by simply multiplying by 5. 11.11 X ^ = ^^ 55. 



CHAPTER n. 

EXAMPLES OF QUANTITATIVE ANALYSIS. 

653. In the following examples it is assumed that the 
nature of the substances has been already ascertained by a 

• S«e Paniell's "Chemical Phjloiophy," p. 325. 
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qualitative examination, since it is always necessaiy, before 
proceeding to estimate the constituents of a compound, 
that we should know what those constituents are* 



SECTION L 

QuanUkiHve analysig of Sulphate of Copper. 

(CuO,SO,+5Aq.) 

Estimate the quantity of oxide of copper (CuO), sulphuric 
acid (SOj), and water (HO), in sulphate of copper. 

(1.) Estimation of the Oxide of Copper, 

654. Dissolve twenty grains of the salt in eight or ten 
ounces of water, in an evaporating basin, and gently boil 
the solution. Add to.it while boiling, a solution of caustic 
potash in slight excess, which will throw down the black 
oxide of copper (370). 

CuO,SO^+KO^CmO+KO,SO^. 

The mixture is poured upon a filter (636), and care- 
fully washed with boiling water, until the whole of the 
soluble matter is removed. The precipitate in the filter is 
then dried, separated from the filter, ignited, and weighed. 

When the precipitate consists, as in this case, of the 
substance whose weight we wish to ascertain, uncombined 
with other matter, we have only to reduce the amount thus 
obtained, to a percentage, thus : — 

?0 : weight of the precipitate of oxide : : 100 : x = percentage of oxide 
of copper. Or, in other words, multiply the weight by 5. 

(2.) Estimation of the Sulphuric Acid. 

655. The acid may be estimated either from the same 
portion of the substance as was used in determining the 
oxide (in which case the solution filtered from the preci- 
pitated oxide must be concentrated by evaporation (644) ), 
or a fresh portion of the salt may be used. The latter 
method is in this case the simpler. 

666. Dissolve twenty grains of the sulphate in water as 
befi^re, acidify it with a few drops of nitric acid, and add a 
solution of chloride of barium {BaCl) as long as it causes 
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any precipitate. Sulphate of baryta (BaOjSOj) is thus 
thrown down (403), and the whole of the sulphuric acid is 
in this way removed from the solution. As the mixture in 
its present state would not filter well (638), it is advisable 
to boil it before filtering, when it will be found that the 
solution will pass through clear. The precipitate is well 
washed with hot water on the filter, dried, ignited in a pla- 
tinum or porcelain crucible, and weighed. Then, knowing 
the atomic weight of sulphate of baryta to be 117, and that 
of sulphuric acid (SO3) to be 40, or, in other words, that 
every 117 parts of the former contain 40 of the latter, it is 
easy to calculate the quantity of sulphuric acid contained 
in the precipitate, thus : — 

C The sulphuric acid in 
117 : 40 : : weight of the precipitate : x = ^ 20 grains of sulphate 

(of copper; 

which number, multiplied by five, will represent the per- 
centage of sulphuric acid in crystallized sulphate of copper* 

(3.) Estimation of the Water. 

657. The water is estimated by heating twenty grains on 
the sand-bath in a counterpoised crucible, at a tempera- 
ture of about 400°, until it ceases to lose weight : in this 
way the water is expelled, and its quantity is shown by the 
loss of weight, which, when multiplied by five, will give 
the percentage of water.* 

SECTION II. 
Quantitative analysis of Chloride of Potassium (KCl). 



Estimate the quantity of potassium and chlorine in the 

chloride. 



(1.) Estimation of the Potassium, 
658. Dissolve twenty grains of the salt in as small a 

• When the quantity of water has to be estimated in salts which cannot 
bear the necessary heat without the volatilization of a portion of their 
acid, the salt should be intimately mixed with five or six times its weight 
of protoxide of lead, or some other strong base, before exposure to heat: 
this combines with, and fixes, any of the acid that may be disengaged from 
the other base. 
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quantity of water as possible, in an evaporating basin ; add 
bichloride of platinum to the solution, and evaporate the 
mixture to dryness on a water-bath (645). Treat the residue 
with alcohol, to dissolve out the excess of the bichloride, 
and wash the insoluble double chloride of platinum and 
potassium (185) with fresh alcohol, on a weighed filter 
(641). The precipitate is then dried on the filter, at a 
moderate heat, and weighed. 

659. The atomic weight of the double chloride (KCl, 
PtClj) being 247, and that of potassium being 40, we deduce 
the quantity of potassium contained in the twenty grains 
of the chloride, thus : — 



247 



^^ 5 Wt of double chloride of ) S^} ° ,^ F^^^^^'"™. ^"l ? 

: 40 : : < I .. , . > : < tamed m 20 grains of > 

( platinum and potassium 5 / th hi *d • > 



and, lastly, it is reduced to a percentage, thus : — 

r Wt. of potassium con- ^ 
20 : < tained in 20 grains of > : : 100 : percentage of potassium : 
^the chloride ) 

or the same result may be obtained by multiplying by five. 

(2.) Estimation of the Chlorine. 

660. Twenty grains of the chloride are dissolved in three 
or four ounces of water, as before ; the solution is then 
heated, acidified with a few drops of nitric acid, and treated 
with a solution of nitrate of silver, as long as it causes any 
precipitate (429, 633). 

The mixture is then boiled for a few minutes (as otherwise 
a portion of the precipitate would pass through the pores of 
the paper (638) ), and filtered. The precipitated chloride 
of silver is thoroughly washed with distilled water on the 
filter, and dried; it is then removed from the paper, and 
gently ignited in a counterpoised porcelain crucible, until 
it fuses into a waxy mass, and weighed. 

661. The atomic weight of chloride of silver is 144, and 
that of chlorine 36, so that we deduce the weight oif the 
chlorine from that of the chloride, thus : — 

*AA *ia */•*!. VI "J r -1 C Wt of chlorine contained in 20 > 

144 : 36 :: wt of the chloride of silver : ^ g„i„, of chloride of potassium. J 

Then, for the percentage, multiply by five. 
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SECTION m. 

QiAantitative analysis of a mixture of sulphate of copper 
(CuOjSOj+SAq) and chloride of sodium (NaCl). 

Estimate the quantity of oxide of copper (CuO), sodium, 
sulphuric acid (SO3), chlorine, and water in the mixture. 

(1.) EstimcUion of the Water. 

662. The water is estimated in the manner described in 
(657). 

(2.) Estimation of the Oodde of Copper. 

663. Dissolve twenty-five grains of the mixture in water, 
acidify the solution with a few drops of hydrochloric acid, 
put it into a beaker, and pass through it a stream of hydro- 
sulphuric acid, until it is saturated (730) ; the whole of the 
copper is in this way thrown down as sulphide (368). 
Filter, and wash the precipitate with distilled water, which 
should contain in solution a little hydrosulphuric acid, as, 
otherwise a trace of copper is liable to become oxidized 
and dissolved. The clear solution, together with all but 
the last washings, is set aside for subsequent examination 
(664). The washed precipitate of sulphide of copper is 
now digested with the filter, while moist, in strong nitric 
acid, until the whole of the precipitate is dissolved, or until 
nothing remains undissolved but a little sulphur, of a pale 
yellow color. The acid solution thus obtained, is diluted 
with water, filtered, if necessary, from the undissolved 
sulphur, and the fragments of the first filter. The whole 
of the copper is now contained in the solution as nitrate. 
This is first to be converted into sulphate, by evaporating 
the solution to dryness with a slight excess of sulphuric 
acid, in order to destroy a little organic matter, which is 
usually derived from the filter, and which would interfere 
with the action of the potash. 

C^ 0,jrO,+ ^0,5'03-CuO,S03+ HO,NO,. 
The copper is now to be thrown down as oxide by potash. 
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dried, and weighed, in the manner already described (654). 
The percentage is calculated as follows: — 

25 : wt. of oxide obtained : : 100 : percentage of oxide of copper in the 
mixture. Or, as 25 is the fourth part of 100. the same result is arrived at 
by simply muliiplyiDg the weight of the oxide obtained, by 4. 

(2.) Estimation of the Sodiwn, 

664. The chloride of sodium contained in the solution 
filtered from the sulphide of copper, is concentrated by 
evaporation, and then converted into sulphate of soda 
(NaO,S03), by evaporating to dryness with a slight excess 
of strong sulphuric acid. 

^'aCl+ HO,^03=NaO,S03+ HC/. 
The residue is gently ignited in a counterpoised covered 
crucible, in which a fragment of carbonate of ammonia is 
suspended by means of a strip of platinum foil, and weighed ; 
the weight of the sodium is thus calculated : — 

At.wtof8ulph.soda Atwtof so<Uum ^'i^^t"^?^;^^ Sodium in 25 grs. 
*^ soda obtained of mixture 



72 24 o X 

which, when multiplied by four, gives the percentage of 
sodium. 

(3.) Estimation of the Sulphuric Add. 

665. A second portion of twenty-five grains of the mix- 
ture is dissolved in water, for the purpose of estimating the 
sulphuric acid and chlorine. 

Add to it first, a solution of nitrate of baryta as long as 
it causes any precipitate, and boil the mixture for a few 
minutes, to prevent any of the finely divided sulphate of 
baryta passing through the filter (638). The precipitate 
is washed, dried, and weighed, the clear solution being 
reserved for estimating the chlorine (666); the quantity 
of sulphuric acid is then calculated in the manner already 
described (656), twenty-five being substituted for twenty 
in the calculation. 

(4.) Estimation of the Chlorine, 

666. The solution filtered from the sulphate of baryta 
19 



PART V. 



CHAPTER I. 



EXAMINATION OF CALCULI."^ 



SECTION L 

Uric (or lithic) acid (CjJN^H^O^). 

689. Heat a small fragment with the blowpipe on plati- 
num foil ; it immediately blackens, owing to the charring 
of the animal matter, emitting at the same time a disagree- 
able smell, resembling that of burnt feathers, mixed with 
that of hydrocyanic acid (H,C3N) which together with car- 
bonate of ammonia and some oUier compounds, is formed 
during the decomposition. If the heat is continued, the 
charred residue is gradually consumed, leaving only a 
slight trace of ash, which is usually alkaline to test paper, 
consisting of phosphate or carbonate of soda. 

690. Uric acid is insoluble in water, and nearly so in 
dilute acids. 

691. A little of the calculus in powder, is placed in a 
drop or two of tolerably strong nitric acid, in a watch 
glass or on a slip of glass ; it dissolves with effervescence, 
carbonic acid and nitrogen being given off, and a mixture 
of alloxan (CgN^H^j^), alloxantine (C^HaN^Og), and some 
other compounds, remain. This is evaporated nearly to 
dryness at a gentle heat, when a red residue is left, which 
when coldf and treated with a drop of ammonia, or exposed 

* A smaU fragment about the size of a pin's head, is sufficient for each 
experiment, and will be found more convenient in practice than a larger 
quantity. 
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to ammoniacal fumes, becomes purple, owing to the forma- 
tion of murexide (Cj^^H^Og). 

692. Uric acid dissolves in a solution of potash, leaving 
only a few shreds of animal matter, and when the mixture 
is heated, no smell of ammonia is perceptible, thus difieN 
ing from the urate of ammonia (696). On neutralizing the 
alkaline solution with any acid, as hydrochloric, a white 
precipitate of pure uric acid is thrown down, which, when 
separated by filtration, may be tested as directed in (689, 
691). 

KO,C,^jr,H,0^+HCl=KCl+HO+C,^'Sflfi^. 

SECTION n. 

Urate of Ammonia {^Ififi^^fip^). 

693. When heated before the blowpipe, it usually decre- 
pitates, and in other respects behaves like uric acid (689). 

694. It dissolves tolerably well in hot water, but being 
insoluble or nearly so in cold, is deposited again when the 
solution cools. If a dilute acid (as hydrochloric) be added 
to a hot solution of urate of ammonia, the latter is decom- 
posed, and uric acid set free, which, being insoluble even 
m hot water, is precipitated. 

696. With nitric acid, urate of ammonia produces the 
same results as uric acid (691). 

696. Urate of ammonia dissolves readily in a warm so- 
lution of potash, giving off at the same time ammoniacal 
fumies (195), by^ which it may be distinguished from uric 
acid. The addition of a dilute acid to the hot solution, 
causes a precipitate of uric acid (692). 

SECTION HI. 

Phosphate of lime (8CaO,3PO,). 

697. Before the blowpipe, it chars, owing to the presence 
6f a little animal matter, and gradually becomes white, as 
the carbonaceous matter burns away. It is almost infu- 
sible, requiring for its fusion so intense and prolonged a 
lieaty that few can succeed in fusing it. 
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posed, the potash combining with the phosphoric acid, and 
setting bee the ammonia and the magnesia. The former 
volatilizes, and may be detected by its smell (195), while 
the magnesia is precipitated. 

2MgO,NHp,PO,+2(iCO,HO)=2(MgO,HO)+NH3+ 

2K0,H0yP0,. 

SECTION V. 

Fusible calculus y which is a mixture of phosphate of lime 
(8CaO,3PO^) and the double phosphate of ammonia and 
magnesia {2MgqyTSll{fl,V0g). 

708. This calculus is chiefly characterized by the readi- 
ness with which it fuses before the blowpipe, without being 
consumed, in which respect it differs from all other kinds 
of calculus. During the ignition, the ammonia and water 
are expelled, leaving a mixture of the phosphates of lime 
and magnesia. 

709. If a portion be dissolved in dilute hydrochloric acid, 
nearly neutralized with ammonia, and treated with oxalate 
of ammonia, the lime is separated as oxalate (218), while 
the magnesia remains in solution. 

SECTION VL 

Oxalate of lime calculus {C2L0fifi^), 

710. Pounded oxalate of limie dissolves without efferves- 
cence* in dilute nitric and hydrochloric acids, and is again 
thrown down unchanged in the form of a white precipitate, 
when the acid solution is neutralized with ammonia. 

711. When heated before the blowpipe, it blackens, and 
gives off a disagreeable smell, resembling that of burnt 
feathers. If the heat be continued a short time, the resi- 
due becomes white, and then consists of carbonate of lime, 

into which the oxalate is converted. 

CaO,C,03+0=CaO,CO,+ CO^. 

712. Treat the residue formed in the last experiment, 
with dilute hydrochloric acid : it readily dissolves with 

• Oocaaionaliy a little carbonate of lime is found mixed with the oxalate, 
in which case effervescence will of course take place. 

20 
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e£fervescenc6, showing that it has been changed into the 
carbonate. 

713. If the oxalate be kept intensely heated for some 
time, the carbonate which is at first formed, is reduced to 
the state of caustic lime (CaO), which may be proved by 
placing the residue on a piece of moistened turmeric paper, 
the color of which will be turned brown (122). 

SECTION vn. 

Biliary calculi^ ccmsisHng of choksierin (C^H^O) and 

biliary coloring matter. 

714. Heat a small fragment on platinum foil: it will 
burn with a bright but smoky iSame, leaving little or no 
fixed residue. 

715. When coarsely pounded, it dissolves readily ia 
boiling alcohol, and, on cooling, the cholesterin crystallizes 
out in the form of fine scaly crystals, while the coloring 
matter remains in solution. 

716. It is insoluble in dilute nitric and hydrochloric 
acids. 

717. It is insoluble also in a solution of potash, thus 
differing from other fatty and oily substances, which cho- 
lesterin resembles in many respects. 



CHAPTER n. 

BEAGENTS. 



718. The following is a list of the reagents, &c., usually 
employed in testing and analysis : — 

Sulphuric acid, strong and dilute. 
Hydrochloric acid. 
Nitric acid. 

Nitrohydrochloric acid (aqua regia). 
Oxalic acid. 
Acetic acid. 
Tartaric acid. 
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Hydrosalphnric acid (sulphuretted hydrogen). 

Ammonia, 

Hydiosulphate of ammonia. 

Carbonate of ammonia. 

Oxalate of ammonia. 

Phosphate of soda and ammonia (microcosmic salt). 

Potash. 

Carbonate of potash. 

Nitrate of potash. 

Iodide of potassium. 

Chiomate of potash. 

Cyanide of potassium. 

Ferrocyanide of potassium (yellow prussiate of potash). 

Ferridcyanide of potassium (red prussiate of potash). 

Antimoniate of potash. 

Carbonate of soda. 

Phosphate of soda. 

Borax. 

Lime water. 

Sulphate of lime. 

Chloride of calcium. 

Chloride of barium. 

Nitrate of baryta. 

Perchloride of iron. 

Nitrate of cobalt. 

Sulphate of copper. 

Ammonio-sulphate of copper. 

Acetate of lead. 

Subacetate of lead. 

Nitrate of silver. 

"Ammonio-nitrate of silver. 

Perchloride of mercury. 

Protochloride of tin. 

Perchloride of gold. 

Bichloride of platinum. 

Sulphate of indigo. 

Solution of starch. 

Black flux. 

Distilled water. 

Alcohol. 

Litmus and turmeric paper. 
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719. Most of these substances, as they are met with in 
commerce, being always more or less impure, and, as those 
even which are sold in the shops as pure i:eagents, are not 
unfrequently found, on examination, to be otherwise ; it is 
always necessary, before taking a reagent into use, to ascer- 
tain by experiment whether it is of sufficient purity for the 
purposes for which it is intended. It may be stated as a 
general rule, that, when a chemical substance is required 
for use in analysis, it ought to be as nearly pure as pos- 
sible ; while, for many of the other operations of chemistry, 
the substances which are usually met with in commerce 
are sufficiently pure. The following brief remarks relative 
to the more common impurities of reagents, together with 
their principal uses, will probably be found useful to the 
student. 

Sulphuric add {HOjSO^. 

720. Sulphuric acid, as found in commerce, is never 
pure. The most common impurities are sulphate of lead 
\Ph OySO^)j nitric acid ( JVO^), or binoxide of nitrogen (JVX)A 
and occasionally arsenic, and other saline matters.^ 

(a) If it contains the first, it will become turbid when 
diluted with four or five times its bulk of water, owing to 
the sulphate of lead, which is soluble in the strong acid, 
being insoluble in the dilute. 

(b) Nitric acid, or the binoxide of nitrogen, is detected 
by warming a little of the acid in a test tube with a small 
crystal of protosulphate of iron (449) ; or by boiling a 
small portion tinged with a solution of sulphate of indigo, 
when, if nitric acid is present, the blue color will disappear 
(452). 

(c) Arsenic may be detected by Marsh's test (313). 

(d) Any fixed saline impurity remains as a residue when 
a few drops of the acid are evaporated on platinum foil. 

721. The uses of sulphuric acid are very numerous. 
Besides being employed extensively in many branches of 
manufacture, it is used in the laboratory as a powerful de- 
composing agent ; owing to its strong affinity for bases, 
nearly all saline compounds are decomposed by it, and its 
solvent powers are also very great. It is often employed for 
the purpose of decomposing organic matter; also in the pre- 
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paration of hydro^fen, hydrosulphuric acid, and other gases ; 
as a test for certain metals, and for many other purposes. 

722. When dilute salphuric acid is required, it is pre- 
pared by mixing together one part of the strong acid with 
fimr parts of distilled water, always adding the acid to the 
watery which should be kept constantly stirred, and allow- 
ing the precipitated sulphate of lead (if any) to subside, 
after which the clear liquid may be poured off. 

Hydrochloric add {HCl), 

. 723. This acid, in the form met with in commerce, is 
never pure, usually containing sulphuric acid and chloride 
of iron, and occasionally free chlorine and traces of arsenic. 

(a) Evaporate a drop or two on platinum foil : if pure, 
ha residue is left. 

{b) Dilute a portion with four or five times its bulk of 
distilled water, and add a drop of chloride of barium : if 
sulphuric acid is present, a white precipitate is produced 
(403). 

{e) Add ammonia in eitcess : a brown precipitate indi- 
cates iron (280). 

id) Boil a little of the acid, tinged with sulphate of 
indigo: if it contains free chlorine, the blue color is 
bleached. 
• {e) Arsenic may be detected by Marsh's test (313). 

724. The uses of hydrochloric acid are very numerous, 
especially in analysis, in which it is of constant value as a 
solvent for substances which are insoluble in water; most 
of the metals dissolve readily in it, forming soluble chlo« 
rides, and it is occasionally used to precipitate silver and 
mercury from their solutions. 

When dilute hydrochloric acid is required, the strong 
add may be diluted with about twice its bulk of water, 

mtric add {KO^JfO,). 

725. Nitric acid, as met with in commerce, usually con- 
tains sulphuric and hydrochloric acids, and occasionally a 
little fixed saline matter. 

(a) The latter may be detected by evaporating a few 
drops on platinum foil, when any fixed impurities will be 
left;. 

20* 
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If. . '• ; ./:!: of :be acid with water, and divide it into 
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T ::.r f.-5:, aid chloride of barium: if a white pre- 
r • •.•• : r^v.J -r^. sulphuric acid is present (403). 

T :::: n:!.t: aii nitrate of silver: a white preci- 
sT. »:.;: XL ammonia, indicates hydrochloric acid 



• •: ♦. 



*!•♦ X.:":; :.ri.. :> used chiefly as a solvent for sub- 
v:.. : .'.•: in>:iii:ble in water, especially some of 
: .••;.> \\:.\:: :' reaiilv cxiiizes, and converts into ni- 
t:t;.- • .:'. X \viA?L are soluble in water. It is, also, 
• rr..:..'veL tc raise compounds to a higher state 
•-^rverting the protoxide of iron (FeO) 
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M ••.-: ,7.//.; :..rr; a."i^ is required, it may be prepared 
: r: x-aj -in: pa"' o: :ne sn-ong acid with two parts of 

."Cr-'-.hi/ij-^^-ir'uln^ic arid acrua rcs:ia), 

T:' Tm- 1.* ;i:w?.Yf prepared when required, by mixing 
• - •• ^ — .-.:; - •- ar.*! rv::rv'^rr.]or!: acids, usuallv in 

- ■.:: r.;;- ■.: T/.:r:: :: fr ur o: hydrochloric. 

T^-v. ••• :\- :r.*r:^.sf "xiiizir.irorchlorinizing 
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— •• .. '. : : ;•;!. ..:.*ie: bciis-. are brouijht into 

'• '*• ■• ^ '" . .v/;;'/.L-Y:r.vi lidroscn.) 
• -*• ;c- :■. V.-: • :•-; rrjuir:-! :r. the gaseous form 
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(^) Nentralin m. aicxil ittr-im ^ri^ mtmimrw Bn£ bii£ 
bydrosulphiiric wai cr Iji'iiyrwifnihin* if Hmim i m . x' jsml 
or any odier mediae Hiir?-' s iLLKiir -^ssc ixa hlgfc=M»c 
and alkaline eaiAs a zcyii\:irift± jf jiraczisei r*^* . 

735. Acetic acid is aasfr amux^si 31 ai£ juize-hctt- ^ 
a solrent, and for Ta^e -pLrpzat zf icadrrnir s:i;iniaa&. n, 
cases iriiere hTdrodiktar sni irir-ir nm^i "v-aLJi b:^ P^'^-* 
didally. 



±»' M 




^ 736. Tartaric acid sc-sredizifs ^mnrTff 1 trnsf 

and solphuric acid, be: is isaa^ Bufiasurr jii::*: fx sx&- 

lytical pniposes. Tfce 5ji* itsr x Ciirfs:* i rj zi*r:r 

izin^ a portion with amaccda. sac ]i5±i^ rrfc":ir* nf 

monia (218); and tbe SBlpciarir i^af br rajoni't nf ' 

(403). 

7Sr7. Tartaric add is oacd as a tesc £r vrrt^, -wi 
it forms a sparingly solabie bi:aitnce 1^ . lis pr..^^.t< 
of prerenting the precipizaiion of iroo azki scd^e rciicr 
metals by the alkalies (478), is occasacmaiZT ziade arailable 
in analysis. It shoold be kept in d« scoi s:2:e. aiKi a 
solution made when reqoired, as when kept in sD^Tinon ii 
soon becomes mouldy; for this purpose, the crysrallized 
add may be dissolred in about three times its weight of 
water. 

^immonia (.MET,). 

738. The liquid ammonia of the shops is generally suffi- 
ciently pure for most purposes of analysis ; it sometimes, 
however, contains traces of carbonate, sidphate, and muriate 
of ammonia, and occasionally chloride of caldum. The 
carbonate is detected by adding lime water (420) ; the sul- 
phate by supersaturating with dilute nitric or hydrochloric 
acid, and testing with chloride of barium (403); the mu- 
riate of ammonia may be detected by supersaturating with 
nitric acid, and adding nitrate of silver (429) ; and tbe 
lime (chloride of calcium) with oxalate of ammonia (218). 

Ammonia is used chiefly for the purpose of neutralising 
add solutions, and for precipitating metallic oxides from 
their solutions, most of which are decomposed by it. 
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Hydrosulphate of ammonia {J\rH^S,HS). 

739« Hydrosulphate of ammonia is prepared by passing 
a stream of hydrosulphuric acid gas (728) tfarou^ a solu- 
tion of ammonia until it is saturated. To ascertain whether 
the saturation is complete, a few drops may be tested with 
sulphate of magnesia; if the ammonia is saturated, this 

Sives no precipitate ; but if any free ammonia is left, it throws 
own the hydrate of magnesia. When first prepared, the 
solution is almost colorless, but it gradually becomes yel- 
low, owing to partial decomposition, the oxygen of the air 
combining with the hydrogen, while sulphur is set free, 
and remains dissolved ; when this decomposition has taken 
place, the addition of an acid causes not only the evolution 
of hydrosulphuric acid, but also precipitates the dissolved 
sulphur. 

740. Hydrosulphate of ammonia is much used, both in 
qualitative and quantitative analysis, chiefly fi>r the pur- 
pose of precipitating certain metals from their solutions, 
and for separating the metals of the third class from the 
alkalies and alkaline earths (693). 

Carbonate of ammonia (2NH^O,3COj,). 

741. The common carbonate of ammonia is a sesquicar- 
bonate, or a compound of the neutral carbonate (NH^O, 
COJ and the bicarbonate (NH^0,2C0,). When the neutral 
carbonate is required, and it is the best suited for most 
purposes of analysis, it may be prepared in solution by dis- 
solving one part, by weight, of the crystallized sesquicar- 
bonate in three or four parts of water, and adding one part 
of liquid ammonia (sp. gr. 0.96). It is frequently employed 
in analysis, to precipitate some of the metals as carbonates : 
it is also used to neutralize acid solutions, and for other 
purposes. 

742. It is occasionally contaminated with traces of ani- 
mal oil, and sulphate and muriate of ammonia. 

(a) Heat a small fragment on platinum foil : if any fixed 
saline impurity is present, it will be left after ignition ; and 
if any charring takes place, it indicates the presence of 
animal matter. 

(6) Supersaturate a little of the solution with nitric acid, 
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and add to one portion a few drops of chloride of barium : 
a white precipitate insoluble in nitric acid, indicates sul- 
phuric acid (403). 

(c) To the other portion of the acid solution, add nitrate 
of silver : if any muriate of ammonia is present, it will 
cause a white curdy precipitate (429). 

Oxalate of ammonia (NH/),CjO,+Aq). 

743. This salt, as met with in the shops, is sufficiently 
pure for all purposes of analysis. Like oxalic acid, it is 
employed chiefly for the purpose of precipitating lime from 
its solutions (218) ; for this purpose it may be dissolved in 
about six times its weight of water. 

Phosphate of soda and ammonia (microcosmic salt). 
(NaO,NH,0,HO,PO,+ 8Aq). 

744. This salt occasionally contains traces of chloride of 
sodium, which may readily be detected by adding a few 
drops of nitrate of silver to a solution of the salt, acidified 
with nitric acid, when a curdy white precipitate indicates 
the presence of the chloride ^429). 

Microcosmic salt is used almost exclusively in blowpipe 
experiments : when heated, it is decomposed, the ammonia 
and water are expelled, and soda, with excess of phosphoric 
acid^ is left. 

Potash (KO). 

746. On account of its strong affinity for many sub- 
stances, and its property of reamly decomposing others, 
caustic potash is rarely found free from impurities. Those 
most commonly met with are organic matter, sulphate and 
carbonate of potash, chloride of potassium, silicic acid, 
and alumina. 

(a) If organic matter is present, the solution of potash is 
more or less brown, and, on evaporation, leaves a brown 
residue. 

(6) Sulphuric acid is detected by diluting the potash with 
water, supersaturating with nitric or hydrochloric acid, and 
addinff chloride of barium, when, if it is present, the white 
insoluble sulphate is thrown down (403). 

(c) If carbonic add is present, lime water causes a white 
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Iodi7e of potassium is employed chiefly as a test for lead^ 
mercury, and occasionally some of the other metals. For 
use as a reagent, one part of the salt may be dissolved in 
ten parts of water. 

Chromate qf potash (KOjCrOg). 

751. This salt occasionally contains traces of sulphate of 
potash, which is readily detected by precipitating a little of 
the solution with nitrate of baryta, and adding an excess 
of nitric acid, which redissolves the chromate of barjrta, 
while any sulphate remains insoluble. 

It is employed as a test for several of the metallic oxides^ 
with many of which it forms insoluble salts (chromates) of 
characteristic colors, as the chromate of lead (363^, which 
is bright yellow. For use as a reagent it may be aissolved 
in ten times its weight of water. 

Cyanide of potassium (KCy). 

752. Cyanide of potassium is sometimes used in blow- 
pipe experiments, and also as a liquid test. It should be 
colorless, and entirely soluble in water. 

Ferrocyamde of potassium (K^jFeCyg+SAq). (Yellow 

prussiate oj potash.) 

753. This salt, as met with in commerce, is sufficiently 
pure for the purposes of testing. It is employed as a test 
for the persalts of iron, with which it forms a deep blue 
precipitate of sesquiferrocyanide of iron, or prussian blue 
(282). It gives characteristic precipitates, also, with some 
other metals. For use as a reagent one part of the salt 
may be dissolved in fifteen or twenty parts of water. 

Ferridcyanide of potassium {K^yYtj^y^. (Red prussiate y>f 

potash,) 

754. It occasionally contains traces of the yellow prus- 
siate, which is easily detected by the solution giving a blue 
precipitate with perchloride of iron (282). It is used as a 
test for the protosalts of iron, with which it forms a blue 
precipitate of ferridcyanide of iron (276), which is similar 
in appearance to that formed by ferrocyanide of potassium 
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with the persalts. It may be dissolved in ten or fifteen 
parts of water. 

Antimoniate of potash (KO,SbO,). 

756, This substance seldom or never contains any im- 
purity that can interfere with its action as a test for sodoi 
whtcn is the only use to which it is applied in the labora- 
tory. It must be kept in a well stoppered bottle, and care- 
fully excluded from the air, as the carbonic acid is liable to 
decompose it, and cause a precipitation of antimonic acid. 

Carbonate of soda (NaOjCO^+lOAq), 

756. The best method of preparing pure carbonate of 
soda, is to ignite the crystallized bicarbonate (NaO,HO,2 
CO,), when the second equivalent of carbonic acid and the 
water are expelled, and pure anhydrous carbonate is left. 
The salt of commerce frequently contains a little sulphate 
and chloride, which may be detected in the manner already 
detailed (747 a and i). The more impure varieties contain 
also traces of sulphide of sodium, and sulphite and hypo- 
sulphite of soda. These may be detected by adding dilute 
sulphuric acid and passing the evolved gas into a solution 
of acetate of lead ; this should cause a white precipitate 
of carbonate of lead (422), and not a brown one (438) ; 
and no precipitation of sulphur should take place on the 
addition of the acid. 

757. It is employed for the same purposes as carbonate 
of potash (747) ; also as a flux for the blowpipe, and for 
fusing with insoluble silicates, Slc. For use as a liquid 
reagent, one part of the salt may be dissolved in ten parts 
of water. 

Phosphate of soda (2NaO,HO,PO, + 24Aq). 

758. This salt sometimes contains a little sulphate and 
chloride. To detect these impurities add to one portion in 
solution, chloride of barium, and to the other nitrate of sil- 
ver, and supersaturate both with nitric acid : if the preci- 
pitate does not entirely dissolve in either case, a sulphate 
or chloride is present (403, 429). 

It is employed chiefly as a test for magnesia, with which 
it forms, in the presence of ammoniacal salts, the double 
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phosphate of magnesia and ammonia (206). For the pur- 
poses of testing, it may be dissolved in ten parts of water* 

Borax {biborafe of soda)^ (NaO,2BO3+10Aq). 

759. Borax occasionally contains traces of sulphate and 
chloride, which may be detected in the same way as in 
the phosphate of soda (758). It is employed almost exclu- 
sively as a flux in blowpipe experiments, for which purpose 
it is admirably adapted : the second equivalent of boracic 
acid which it contains, exerts a strong affinity for bases at 
a high ten!iperature, and is capable of displacing several 
acids from their combinations ; it also forms many double 
compounds and mixtures which are readily fusible. 

lAme water {CaO in water), 

760. This reagent is prepared by digesting hydrate of 
lime (CaOjHO) in cold distilled water for an hour or two, 
stirring the mixture occasionally, and, when the undissolved 
portion of the lime has subsided, pouring off the clear solu- 
tion, and filtering if necessary. As it is liable to spoil 
when exposed to the air, owing to the absorption of carbonic 
acid, it should be kept in a well stoppered bottle. 

761. Lime water should be sufficiently strong to turn the 
yellow color of turmeric instantly and decidedly brown; 
and, when tested with carbonate of soda, should throw 
down a copious white precipitate of carbonate of lime (214). 
It is used as a test for carbonic acid and some of the organic 
acids ; for expelling ammonia from its combinations, and 
for many other purposes. 

Sulphate of Kme(CaO,S03+2Aq). 

762. Sulphate of lime being very sparingly soluble in 
water, is always used in the form of a saturated solution, 
which is prepared by digesting the sulphate in water, stir- 
ring it occasionally, and pouring off the clear solution from 
the undissolved portion. It is used chiefly as a test for 
some of the organic acids, and for distinguishing baryta 
from strontia. The solution ought to give an immediate 
precipitate of sulphate of baryta, when tested with chloride 
of barium (225). 
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Chloride of calcium (CaCI). 

763. This substance occasionally contains a little free 
acid, and traces of iron. The first is detected by test paper, 
and the latter, if present, causes hydrosulphate of ammonia 
to tbrow down in the solution a black precipitate, or to 
impart a greenish tint to the liquid (279). As a reagent, 
chloride of calcium is employed chiefly in testing for some 
of the organic acids. It is also of great use in the labora- 
tory 9S a drying agent, having so strong an affinity for 
water, that a moist gas passed over it, is rapidly and com- 
pletely deprived of its water. For this purpose the chlo- 
ride need not be absolutely pure : it should not be fused, 
but merely dried, as the unfused is more porous, and con- 
sequently ofiers a larger amount of surface to any gas passed 
over it. 

Chloride of barium (BaCI+2Aq). 

764. Chloride of barium sometimes contains traces of 
iron and lime. It should not be discolored by hydrosul- 
phate of ammonia (279), and, after being treated with a 
slight excess of sulphuric acid, and filtered, the clear solu- 
tion should leave no fixed residue when evaporated on 
platinum foil ; because the whole of the baryta is separated 
by the sulphuric acid, and any other fixed matter must be 
some impurity. 

It is used chiefly for the purpose of testing for acids (558), 
especially sulphuric, with which it forms the insoluble 
sulphate of baryta (403). For use, one part of the salt 
may be dissolved in ten parts of water. 

JfUrate of baryta (BaO,NO^). 

765. Nitrate of baryta is liable to the same impurities as 
chloride of barium (764), and they may be detected in the 
same way. It should also be free from any chloride, which 
may be known by adding nitrate of silver (429). Its uses 
are the same as those of chloride of barium, for which it 
is occasionally substituted in cases when the addition of the 
chloride would interfere with the subsequent stages of an 
analysis, as when we have to test for chlorides in the same 

21* 
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solution (605). For use, it may be dissolved in ten parts 
of water. 

Perchloride of iron (Fe^CIg). 

766. This salt is liable to contain a little free acid, and 
traces of the protochloride (FeCl). The free 'acid is de- 
tected in the manner described in (535, 6); and if any pro- 
tosalt of iron is present, the solution gives a blue color with 
ferridcyanide of potassium (276). It is used as a test for 
some of the organic acids, and is also sometimes useful in 
the determination of phosphoric acid. It may be dissolved 
in five parts of water. 

Mtrate of cobalt (CoO,NO,+6Aq). 

767. This reagent is used chiefly for the detection of 
alumina, zinc, magnesia, and some other substances, by 
means of the blowpipe (124). The solution employed for 
this purpose, may contain one part of the salt dissolved in 
ten of water. 

Sulphate of copper (CuO,S03+5Aq). 

768. This salt is occasionally used as a test for arsenic 
(311),* and for other purposes: it may be dissolved in ten 
parts of water. The ammonio-sulphate of copper {CuOy 
2JVH^yH0yS0^y which is also used in testing for arsenic, 
is prepared by adding ammonia to the solution of sulphate 
of copper, until the precipitate at first formed is nearly all 
redissolved, when the solution is filtered, and kept for use. 

Acetate of fea(^(PbO,C4H303+3Aq). 

769. Acetate of lead is used as a test for several acids, 
which form with oxide of lead insoluble salts. For testing, 
one part of the salt may be dissolved in ten parts of water. 

Suhacetate of lead (3PbO,C4H303). 

770. The subacetate is prepared by boiling together 
equal weights of the neutral acetate (769) and protoxide 
of lead (PbO) in water, and filtering the solution, which 
must be kept in a well stoppered bottle, as it is easily de- 
composed when in contact with the air, owing to the strong 
affinity of the oxide of lead for carbonic acid. Both this 
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and the neutral acetate are used in testing for hydrosul- 
phuric acid, and for some of the other acids, especially 
carbonic. 

JSIxtrate of silver (AgO,NOJ. 

771. This reagent is sometimes adulterated with nitrate 
of potash, and occasionally contains traces of copper and 
lead. When precipitated by a slight excess of hydrochloric 
acid, the filtered solution ought to leave no fixed residue 
when evaporated on platinum foil, as the whole of the silver 
would be thrown down (377), and any impurity would 
remain in solution. Copper is detected by adding am- 
monia in excess to the solution, when it will give the liquid 
a blue tinge (369). Nitrate of silver is used chiefly as a 
test for chlorine (chlorides and hydrochloric acid), and 
also for phosphoric, and some of the other acids. For use 
as a reagent, one part of the salt may be dissolved in twenty 
parts of water. 

772. The ammonio-nitrate of silver (^gOy2JVH^,J\rOg)y 
used as a test for arsenic, is prepared by adding ammonia 
to a solution of the nitrate, until the precipitate at first 
thrown down is nearly all redissolved, and filtering from 
the undissolved oxide. 

Perchloride of mercury (HgCl^). 

773. This is occasionally employed as a test for hydriodic 
and some other acids, and also for some kinds of organic 
matter: for this purpose it may be dissolved in twenty parts 
of water. 

Protochloride of tin (SnCl). 

774. Protochloride of tin is prepared by boiling metallic 
tin in strong hydrochloric acid, care being taken that a 
portion of the metal remains undissolved, as otherwise a 
little perchloride might be formed; the solution is then 
filtered, acidified with a few drops of hydrochloric acid, and 
diluted with about four times its bulk of water. A few 
fragments of metallic tin should be kept in the solution, in 
order to prevent the formation of any perchloride. 

775. Protochloride of tin is employed chiefly as a test for 
gold and mercury, and also as a deoxidizing agent, for 
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which purpose it is well adapted on account of its strong 
tendency to combine with oxygen or chlorine. 

It occasionally contains traces of lead and iron, which 
may be detected by adding hydrosulphate of ammonia in 
excess to the solution, when, if pure, the precipitate is 
wholly redissolved) but, if either of those metals is present, 
a black residue is left, since their sulphides are insoluble in 
the hydrosulphate. 

Percfdoride of gold (AuClj). 

776. This reagent is used almost exclusively as a test 
for the protosalts of tin (386), so that a very small quantity 
will be found sufficient for the purposes of testing. One 
part of the salt may be dissolved in thirty parts of water. 

Bichloride of platinum (PtCl,). 

777. Bichloride of platinum is employed only as a test 
for potash, soda, and ammonia: it may be dissolved in 
about ten parts of alcohol. 

Sulphate of indigo. 

778. This substance may be prepared in solution, by 
dissolving a little indigo in strong sulphuric acid, and di- 
luting the acid solution with water, so as to form a pale 
blue liquid. It is used chiefly as a test for nitric acid and 
chlorine, by which it is decomposed, and its color dis- 
charged. 

Solution of starch {C^^H^^O^^. 

179, This is made by gently boiling starch with water. 
It is employed as a test for iodine, for which purpose small 
pieces of thread or paper may be steeped in the solution, 
dried, and kept for use. 

Black flux. 

780. Black flux is an intimate mixture of carbonate of 
potash and finely divided charcoal, and is prepared by 
deflagrating in an iron spoon or crucible, a mixture of two 
parts of bitartrate of potash and one of nitre. It is used 
as a reducing flux in blowpipe experiments. 
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DisHUed water (HO), 

781. Pure distilled water is prepared by carefully distil- 
ling any of the common kinds of water either in a still or 
retort, rejecting the first and last portions (62). For many 
purposes, rain water, when collected at a distance from 
towns or manufactories, and boiled and filtered, will be 
found sufficiently pure; but, in analytical experiments, 
distilled water ought always to be used. 

782. Before taking it into use, it should be tested with 
the following reagents : — 

(a) Litmus and turmeric paper, for free acids and alka- 
lies. 

(6) Chloride of barium for sulphates (403). 

(c) Nitrate of silver for chlorides (429). The mixture 
shortly becomes dark-colored, especially if organic matter 
is present. 

(rf) Oxalate of ammonia for lime (218). 

(e) Lime water for carbonic acid (420). 

(jT) Hydrosulphate of ammonia for any metals of the 
third or fourth class. 

(g) When heated on platinum foil, it should leave no 
trace of solid residue. 

Distilled water is used chiefly as a solvent, and for wash- 
ing precipitates, besides many other purposes to which it is 
constantly applied. 

Alcohol {CJI^,0,HO). 

783. The alcohol commonly used in chemical experi- 
ments should have a specific gravity of about 0.83, except 
in cases where absolute alcohol is required, when it should 
be 0.796. When evaporated on platinum foil, it should 
leave no residue, and should not change the color of litmus 
paper. It is used chiefly as a solvent, and for the purpose 
of facilitating the precipitation of substances which are less 
soluble in it than in water. 
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WEIGHTS AND MEASURES. 



Pound. Oancei. 

1 SB ]2 

1 



Troy or Jpcthecaries^ Weigfd, 

Drachms. Scruples. Grains. 

s 96 = 288 = 5760 

B 8 ss 24 = 480 

1 =s 3 ss 60 

1 =3 20 

1 



French Grammes. 

ss 372.96 

s 31.08 

= 3.885 

= 1.295 

= 0.0647 



JvoirdtipoU Weight. 

Pound. Oonces. Drachms. Grains. 

1 == 16 = 256 s= 7000 
1 r= 16 s= 437.5 

1 s= 27.343 



French Grammes. 
= 453.25 
m= 28.328 
SB 1.77 



Imperial Meature. 

Gallon. Pints. Fluidounces. Flnidrachms. Minims. 

1 =s 8 = 160 s= 1280 r= 76800 

1 = 20 = 160 =s 9600 

1 = 8 » 480 

1 = 60 



Weight of WtUer at 62^, contained in the ImperiaX Ctalltm, ifc. 



Imperial Gallon 
« Pint 
" Fluidouuce 
** Fluidrachm 
** Minim 



Grains. 
70,000 
8750 
437.6 
54.7 
0.91 
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Cubic Inches contained in the 


Imperial Gallon^ 9fc. 








Cubic Inches. 


1 Imperial Gallon 

1 « Pint 

1 " Fluidounce 

1 « Fluidrachm - 

1 " Minim 




= 


34 659 
1.732 
0.2166 
0.0036 



FRENCH WEIGHTS AND MEASURES. 



Meamres of Length, 





English Inches. 












Millimetre 


= .03937 












Centimetre 


=s .39371 












Decimetre 


= 3.93710 












Metre 


= 39.37100 


MU. 


Fur. 


Yds. 


Feet 


In. 


Decametre 


= 393.71000 


= 





10 


2 


9.7 


Hecatometre 


= 3937.10000 


= 





109 


1 


1 


Kilometre 


= 39371.00000 


= 


4 


213 


1 


10.2 


Myriometie 


= 393710.00000 


= 6 


1 


156 





6 



Megaur€i of Capacity. 



English Imperial Measure. 





Cubic Inches. 


Gall. Pints. 


F. oz. F. 


drms 


Min. 


Millimetre 


= .06102 


s= 











16.3 


Centilitre 


= .61028 


= 








2 


42 


Decilitre 


= 6.10280 


=: 





3 


3 


2 


Litre 


= 61.02800 


r= 


1 


15 


1 


43 


Decalitre 


= 610.28000 


= 2 


1 


12 


1 


16 


Hecatolitre 


= 6102.80000 


= 22 





1 


4 


48 


Kilolitre 


= 61028.00000 


= 220 





12 


6 


24 


Myriolitre 


= 610280.00000 


= 2200 


7 


13 


4 


48 




Measurei of Weight. 












English Grains. 












Milligramme 


= .0154 












Centigramme 


= .1544 












Decigramme 


= 1.5444 




JSvoirdupois, 






Gramme 


= 15.4440 


Ponn. 




Oun. 




Dram. 


Decagramme 


= 154.4402 


== 









5.65 


Hecatogramme = 1544.4023 


= 




3 




8.5 


Kilogramme 


= 15444.0234 


= 2 




3 




5 


Myriogramme 


! = 154440.2344 


== 22 




1 




2 
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TABLE L 



Showing the Quamiiiy of OU of VUrioi CHOJSO^ of tp, gr. 1.8485, and of 
Jnhydroui Jcid (SO^, m 100 Parts of DihUe Sn^knric Acid, of differ* 
ent S^pec^ Cfravitiee (^Urt). 



Liquid 
Acid. 


Sp. Gr. 


Dry Acid. 


Liquid 
Acid. 


Sp. 6r. 


Dry Acid. 


100 


1.8485 


81.54 


69 


1.4760 


48.11 


9» 


1.8476 


80.72 


68 


1.4660 


47.29 


98 


1.8460 


79.90 


57 


1.4560 


46.48 


97 


1.8439 


79.09 


56 


1.4460 


45.66 


96 


1.8410 


78.28 


65 


1.4360 


44.86 


95 


1.8376 


77.46 


54 


1.4266 


44.03 


94 


1.8336 


76.65 


53 


1.4170 


43.22 


93 


1.8290 


76.83 


52 


1.4073 


42.40 


92 


1.8233 


75.02 


61 


1.3977 


41.68 


91 


1.8179 


74.20 


60 


1.3884 


40.77 


90 


1.8116 


73.39 


49 


1.3788 


39.95 


89 


1.8043 


72.57 


48 


1.3697 


39.14 


88 


1.7962 


71.75 


47 


1.3612 


38.32 


87 


1.7870 


70.94 


46 


1.3530 


37.51 


86 


1.7774 


70.12 


45 


1.3440 


36.69 


85 


1.7673 


69.31 


44 


1.3346 


36.88 


84 


1.7570 


68.49 


43 


1.3255 


36.06 


83 


1.7465 


67.68 


42 


1.3165 


34.25 


82 


1.7360 


66.86 


41 


1.3080 


33.43 


81 


1.7245 


66.05 


40 


1.2999 


32.61 


80 


1.7120 


65.23 


39 


1.2913 


31.80 


79 


1.6993 


64.42 


38 


1.2826 


30.98 


78 


1.6870 


63.60 


37 


1.2740 


30.17 


77 


1.6750 


62.78 


36 


1.2654 


29.35 


76 


1.6630 


61.97 


35 


1.2672 


28.64 


75 


1.6520 


61.16 


. 34 


1.2490 


27.72 


74 


1.6415 


6034 


33 


1.2409 


26.91 


73 


1.6321 


69.62 


32 


1.2334 


26.09 


72 


1.6204 


68.71 


31 


1.2260 


26.28 


71 


1.6090 


67.89 


30 


1.2184 


24.46 


70 


1.5975 


67.08 


29 


1.2108 


23.65 


69 


1.5868 


56.26 


28 


1.2032 


22.83 


68 


1.5760 


55.45 


27 


1.1966 


22.01 


67 


1.5648 


54.63 


26 


1.1876 


21.20 


66 


1.5503 


63.82 


25 


1.1792 


20.38 


65 


1.5390 


63.00 


24 


1.1706 


19.67 


64 


1.5280 


62.18 


23 


1.1626 


18.75 


63 


1.5170 


61.37 


22 


1.1549 


17.94 


62 


1.5066 


60.65 


21 


1.1480 


17.12 


61 


1.4960 


49.74 


20 


1.1410 


16.31 


60 


1.4860 


48.92 


19 


1.1330 


16.49 



22 
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Liquid 
Acid. 


Sp. Gr. 


Dry Acid. 


Liquid 
Acid. 


Sp. Gr. 


Dry Acid. 


18 


1.1246 


14.68 


9 


1.0614 


7.34 


17 


1.1165 


13.86 


8 


1.0544 


6.52 


16 


1.1090 


13.05 


7 


1.0477 


6.71 


15 


1.1019 


12.23 


6 


1.0405 


4.89 


14 


1.0953 


11.41 


5 


1.0336 


4.08 


13 


1.0887 


10.60 


4 


1.0268 


3.26 


12 


1.0809 


9.78 


3 


1.0206 


2.446 


31 


1.0743 


8,97 


2 


1.0140 


1.63 


10 


1.0682 


8.15 


1 


1.0074 


0.8154 



TABLE IL 



Showing the QuafUity of Btal or JnhydrouM Nitric Jcid (NO^) in 100 Part$ 
of lAqwd jScidf of different Specific Gravities {Vre), 





Real acid 




Real acid 




Real acid 


Specific 


in 100 


Specific 


in 100 


Specific 


in 100 


Gravity. 


parte of the 


Gravity. 


parts of the 


Gravity. 


parts of the 




Liquid. 




Liquid. 




Liquid. 


1.5000 


79.700 


1.4107 


58.181 


1.2705 


36.662 


1.4980 


78.903 


1.4065 


57.384 


1.2644 


35.865 


1.4960 


78.106 


1.4023 


56.587 


1.2583 


35.068 


1.4940 


77.309 


1.3978 


55.790 


1.2523 


34.271 


1.4910 


76.512 


1.3945 


54.993 


1.2462 


33.474 


1.4880 


75.715 


1.3882 


54.196 


1.2402 


32.677 


1.4850 


74.918 


1.3833 


53.399 


1.2341 


31.880 


1.4820 


74.121 


1.3783 


52.602 


1.2277 


31.083 


1.4790 


73.324 


1.3732 


51.805 


1.2212 


30.286 


1.4760 


72.527 


1.3681 


51.068 


1.2148 


29.489 


1.4730 


71.730 


1.3630 


50.211 


1.2084 


28.692 


1.4700 


70.933 


1.3579 


49.414 


1.2019 


27.895 


1.4670 


70.136 


1.3529 


48.617 


1.1958 


27.098 


1.4640 


69.339 


1.3477 


47.820 


1.1895 


26.301 


1.4600 


68.542 


1.3427 


47.023 


1.1833 


25.504 


1.4570 


67.745 


1.3376 


46.226 


1.1770 


24.707 


1.4530 


66.948 


1.3323 


45.429 


1.1709 


23.910 


1.4500 


66.155 


1.3270 


44.632 


1.1648 


23.113 


1.4460 


65.354 


1.3216 


43.835 


1.1587 


22.316 


1.4424 


64.557 


1.3163 


43.038 


1.1526 


21.519 


1.4385 


63.760 


1.3110 


42.241 


1.1465 


20.722 


1.4346 


62.963 


1.3056 


41.444 


1.1403 


19.925 


1.4306 


62.166 


1.3001 


40.647 


1.1345 


19.128 


1.4269 


61.369 


1.2947 


39.850 


1.1286 


18.331 


1.4228 


60.572 


1.2887 


39.053 


1.1227 


17.634 


1.4189 


59.775 


1.2826 


38.256 


1.1168 


16.737 


1.4147 


58.978 


1.2765 


37.459 


1.1109 


15.940 
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100 parts. 


Speeifie 


Gravity. 


100 parts. 


Speeifie 


GraTity. 


Ale. 


Wat 


At«90. 


AtOOO. 


Ale. 


Wat 


AtOdo. 


At 600. 


18 


82 


0.976 


0.977 


8 


92 


0.989 


0.990 


17 


83 


0.977 


0.978 


7 


93 


0.991 


0.991 


16 


84 


0.978 


0.979 


6 


94 


0.992 


0.992 


15 


85 


0.980 


0.981 


5 


95 


0.994 




14 


86 


0.981 


0.982 


4 


96 


0.995 




13 


87 


0.983 


0.984 


3 


97 


0.997 




12 


88 


0.985 


0.986 


2 


98 


0.998 




11 


89 


0.986 


0.987 


1 


99 


0.999 




10 


90 


0.987 


0.988 





100 


1.000 




^9 


91 


0.988 


0.989 











TABLE Vm. 



Showmg tht %tec^J^Gramtia of Mixtures of Ether and jilcohU in difftrmt 

Proportions {Daiton). 



Specific 


Fitfaer. 


Alcohol 


^ecific 


TStbirr 


Alcohol 


Gravity. 


(sp.gr. 880). 


Gravity. 




(sp. gr. 830). 


724 


100 





792 


40 


60 


732 


90 


10 


804 


30 


70 


744 


80 


20 


816 


20 


80 


756 


70 


30 


828 


10 


90 


768 


60 


40 


830 





100 


780 


50 


50 









260 



APPENDIX. 



TABLE DC 



OV VBEEZIVe XIZTUBIS. 

Freezing JkBxtures unth Snow or Pounded Ice. 



XIXTUKI8. 

ParU by Weight 

Sea-salt - - - 1 
Snow . - - • 2 


•n 

• 

o 

p« 

H ^ 
& 

OS 

1 


liennometer sinks. 
r to— 5° 


Degree of 

cold 
produced. 


Sea-salt ... 2 
Muriate of Ammonia - 1 
Snow - - - • 6 


to— 12° 


Sea-salt ... 10 
Muriate of Ammonia - 6 
Nitrate of Potash - - 6 
Snow - - - • 24 


to — 18° 


Sea-salt ... 5 
Nitrate of Ammonia • 5 
Snow - - - - 12 


to — 25° 


Diluted Sulphuric Acid* 2 
Snow - - - - 3 


from + 32° to — 23<> 


55 degrees. 


Concentrated Hydrochloric 

Acid - • - . 5 
Snow - - - - 8 


from + 32° to — 27° 


59 


Concentrated Nitrous Acid 4 
Snow - - . - 7 


from + 32° to — 30° 


62 


Chloride of Calcium - 5 
Snow ... - 4 


from + 32° to — 40° 


72 


Crystallized Chloride of Cal- 
cium - - . 3 
Snow - - - - 2 


from + 32° to — 50° 


82 


Fused Potash - - 4 
Snow .... 2 


from + 32° to — 51° 


83 



• Made of strong acid, diluted with half its weight of snow or distilled 
water. 



Fr«nas JfiiAxi •>(Jh>Mt SbMo. 




MIXTDBM. 

P.™ by 

NiUBie Of PoBiih - 

Water - 


Weigh! 

le 


from+50°to— 10° 


ptodoud. 
iOdegTMI. 


Mitnte of PoDuh - 
Water - - - 


i 


(tarn + 50° to — 4° 


« 


Water - - - 




from + 50= to — 4» 


46 


Nitrate of Aiamoma 
CBcbonale of Soda 
Water - - - 




&om + 60» to — T" 


97 


SulphBle of Sods - 
iKlQted Nitrous Aoid» 


3 


bom + 50° K. — 3° 


S3 


SDlpfaaiB of Soda < 
Muriate of Ammoniti 
Nitrate of Potash ■ 
I)ilDi«d Niirous Acid 




fiom + 50« to — lO" 


60 


Snlpbate of Soda - 
Diltitad Nitrmui Add 




frotn+50°» — W 


64 


Phosphate of Soda 
Diluted NitrouH Acid 




fiom + SO'te— 12" 


62 


Phogpbata of Soda 
Nitrate of Ammonia 
Diluted Nitrous Acid 




frotn + lao to — ai" 


71 


Sulphate of Soda - 
Hydroehlorio Acid 


s 

5 


fioTti 4- 511" to 0° 


SO 


Sulphate of Soda - 
Diluted Sulpliuric Acid1 


s 


from+ 60°lo+ 3° 


47 



* OimpoMd of two part* of lutning nitrous acid, and one of water; 
tha mixture being allowed to cool before being used. 

t. Cotnpoted of eijual weights of itrong acid and water, being allowed 
ID ocx>I before use. 



•otnuoj 


1 « 


1' 


•spany 


::::::::::::::: :i :::::: : 


f 


■aloiu^ 


- ■ ■ ■« « ■« ■ ■ 


««M«_....n .>~ et>-<-M«n-_«« « 


1 
1 


■„..« 


:::; :i ::;::::::: i"^". :::: ; 


-aiiBH 


- . - ■* Ji 


1 


■»!Jin> 


M 


1 
1 


!111»U"1 


" •"" "" ..■■«■■■.=*.. 




■>.."o 




i 




---Mc««HM«cj«^'<««r>«««««e< n 


•• 


.Ho™ 




1 


-.,^.1N 


^j_:_;_:j^^j_:j_:jj_: ■5jj^_; ■ ■* 


1 


-oijnqd 




1 

i 


■aipoTjpiH 


■ — " : :--— : ; ;«««««« ;« 


■otHSo^p^H 




1 


-.,„o^y 


Ji 


1 


■.nom»«V 




1 


...^ 










-- .n«wMn«n«»«»« . . -mn - . .CO 


^ 


■SjUoqWa 


^— «««« ;*.««« :=.« ;««„«« ; ;« 




■Jiamoa 


---««»,««««««««« ;- :=*«„=* ;« 


■e 


■auo,d,<n,d 


-—«««««««««„„« :«««««« ■« 


i 


■Bunqdius 




i 


■.piST 




i 


1 
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White curdy pre- 
eip'te with hydro- 
chloric acid and 
chlorides, which 
is sol. in ammonia 
and insol. in nitric 
acid. 


The only salt 

which precipitates 

soda, IS the anti« 

moniate of 
potash. Evapo- 
rated with bi- 
chloride of 
platinum, gives 
yellow needles. 


White precipitate 
with sulphates. 

Burnt with 

alcohol, gives 

carmine flame. 


Zinc throws 

down the metal 

in beautiful 

crystals. 


The behavior 

with bydrosul- 

phate of'^ ammonia 

and the blowpipe 

is characteristic. 


-8 

o 

9 


§ 

o 


• 

• 

a 

« 

o 
a 

& 


With soda in 

reducing flame, a 

malleable bead of 

metallic tin. 


Reduced with 
soda. 


• 


O 


O 


i 


• 


Pale 

brown ; 

sol. 


O 


o 


White ; 
insol. 


White ; 
sol. 


Pale brown ; 
insol. 


o 


o 


• 

1 

S 


• 

■ 


White J 
•ol. 


o 


White ; 
insol. 

* 


White ; 
insol. 


White ; 
insol. 


White 1 
insol. 


o 


White I 
insol. 


White ; 
insol. 


White ; | 
insol. 


• 

1 

PQ 


o 


O 


Brown 
black. 


Yellow ; 
sol. 


1 


o 


o 


Brown 
black. 


• 

o 


d 

4P 


d 
5§ 


c5 


d 


eg 




Soda, 

(see also 

p. 88.) 


Strontia, 

(see also 

p. 98.) 


Tin, 

pro(o]dde 

of, (see 

^sop.lS8.) 


^ Tin, 
peroxide 

/see dso 
p. 130.) 
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((/.) Mixed Salts, Sfc, tolubk in Water. 



J Chloride of barium, 
Nitrate of potash. 
i Sulphate of zinc, 
ChJoride of sodium. 
J Muriate of ammonia, 
Phosphate of soda. 
i Sulphate of copper, 
Nitrate of cobalt 
iPerchloride of iron, 
Sulphate of magnesia. 

Aliim (double sulphate of alu- 
mina and potash). 

C Chloride of calcium, 
J Nitrate of potash, 
( Muriate of ammonia. 
C Nitrate of lead, 
< Nitrate of cobalt, 
( Nitrate of strontia. 



C Sulphate of nickel, 
< Chloride of sodium, 
( Sulphate of magnesia. 

J Chlorate of potash, 
Biborate of soda, 
Muriate of ammonia, 
^ Arsenious acid. 
'Nitrate of soda. 
Nitrate of lime. 
Nitrate of baryta, 
J Nitrate of zinc, 
I Nitrate of lead, 
I Nitrate of copper. 
Sulphate of potash, 
Phosphate of soda, 
Biborate of soda, 
Carbonate of ammonia^ 
Chloride of potassium. 
Iodide of potassium. 
Nitrate of ammonia. 



(tf.) Mixed SdUs, 4rc., intoluble in Water^ but eolubk in JtcidK 



< Carbonate of magnesia, 
( Sulpbide of iron. 

J Protoxide of lead, 
( Phosphate of lime. 

i Carbonate of lime. 
Black oxide of copper. 
Brass. 
C Oxide of bismuth, 

< Sulphide of iron, 

( Sulphide of antimony. 



Magnesian limestone. 

Iron pyrites. 

Copper pyrites. 

Argentiferous galena. 

German silver. 

Arsenical cobalt ore. 

The solid matter contained in 
well, or river water. 

The portion of soils which is solu- 
ble in acids. 



(/.) Mixed SaUi, ^, intohble in Water and Mde. 



i Chloride of silver, 
\ Sulphate of baryta. 
( Silica, 
< Chloride of lead. 



C Sulphate of lead, 
} Silicate of alumina, 
( Chloride of silver. 

The insoluble portion of soils. 

Slate. 

Siliceous minerals. 
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JgQ APPENDIX. 



UST OF SALTS, ETa 



WHICH XAT BB BXAMIBBS BOB PmiCTICB IB aUAUTATlTB AMAXXMB 

(Part m.) 



(a.) 9inq}l€ SaUt, ^c, tolubU m Water. 

Chloride of barium. Protonitrate of mercurjr. 

Sulphate of soda. Perchloride of mercurj. 

Muriate of ammonia. Acetate of lead. 

Sulphate of magnesia. Sulphate of copper. 

Ctiloride of calcium. Nitrate of silver. 

Nitrate of strontia. Phosphate of sodcb 

Sulphate of chromium. Iodide of potassium. 

Sulphate of zinc. Biborate of soda. 

Sulphate of manganese. Nitrate of potash. 

Protosulphate of iron. Chlorate of potash. 

Perchloride of iron. Carbonate of soda. 

Sulphate of nickel. Arsenious acid. 
Nitrate of cobalt. 



(6.) Simple Saltif Sfc^ mtoktbk in Watery but solubk in Jteide, 

Carbonate of magnesia. Protoxide of lead. 

Phosphate of lime. Sulphide of antimony. 

Carbonate of baryta. Black oxide of copper. 

Metallic zinc. Carbonate of lime. 

Carbonate of ^ontia. Oxide of bismuth. 

Sulphide of iron. Metallic tin. 

(c.) SimpU 8alt$i 4rc., meolubk in Watvr dnd Atide, 

Sulphate of baryta. Silica. 

Sulphate of strontia. Chloride of silver. 

Chloride of lead. Silicate of lime. 

Sulphate of lead. Silicate of alumina. 
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IsoxsmiG, fiom Znc, equal, and /m^k, a put; sabstences which consist of 
the same ingredients, in the same proportions, and yet differ essentially 
in their properties, are called taommc. 

Lakivx, from ktminoj a diin plate ; extremely thin plates, of which some 
solid bodies are composed. 

LxTisATioir, from lavis, smooth ; the reducing of hard bodies to a very fine 
poMrder, by grinding with water. 

laawiTXt from Kgmtm, wood ; an organic principle of which the fibres of 
Y^etables are mainly composed. 

LiTXi78 ; a Uoe pigment obtained from the lichen rocceUa; it is a most de- 
licate test for acids, which torn it red. 

MiXLXABi^s, from malletu, a hammer ; that which is capable of being spread 
out by hammering. 

MxTALLumeT, from /MrmXktv, a metal, and ifywt a work ; the art of working 
metals, and separating them from their ores. 

MoLSCUUES, 'AM, a diminntiye from moles, a mass ; the infinitely small ma- 
terial particles, of which bodies are conceived to be aggregations. 

MuciLAeiHOUs ; resembling mucilage or gum. 

MuBKXiDS, from murex, a fish affording a purple dye ; a beautiful purple 
compound, resulting from the decomposition of uric acid by means of 
nitric acid. 

Nascxbtt, from natcoTj to be bom ; in the moment of formation. 

NiTKoexir, from nrctvi nitre, and ytnam, to produce ; a colorless elementary 
gas, devoid of taste and smell ; it is one of the constituents of the 
atmosphere, and also of nitric acid, from which latter circumstance it 
derives its name. 

NiTKOOsirous ; containing nitrogen in combination. 

NucLxus, from nucleus, a kernel ; the central parts of a body, which are 
supposed to be firmer, and separated from the other imrts, as the 
kernel of a nut is from the shell ; also, the point about which matter 
is collected. 

OcTOHXDKoir, -AL, ffom o»T«, eight, and i^^a, a side ; a solid figure contained 
by eight equal and equilateral triangles. 

Olxfiaht oas, from oleum, oil, and^, to become ; a colorless gas, composed 
of carbon and hydrogen (C^H^), which derives its name from its pro- 
perty of forming an oil-like liquid with chlorina 

Oboaitic mattxb, from ^fj^vor, an organ ; matter of which the organic parts 
or juices of plants and animals are composed, or which is derived from 
such parts by the action of chemical agents, is called organic. 

OxiDx; a compound of oxygen with a metal or non-metallic body, not 
having acid properties. 

Oxisizx ; to combine with oxygen. 

Oxxesir, from ofwc, acid, and ysn»at,to produce; a colorless, elementary 
gas, which was formerly supposed to be the universal acidifying prin- 
ciple. 
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PKLUCI.B, a dimioDtive from pdlis, a skm or crnst; a tliin cnut ibnned oa 
the surAce of a solution by evaporatioii. 

PxRcoLATX, from peTf through, and eofo, to strain ; to strain through. 

PxmjUATX, from pemuOj to pass through ; to penetrate. 

PaKvoxKBToir, from ^(ve^tMu, to appear ; an appearance which is more or 
less remarkable 

Phiiasopht, from ^xl «, to love, and rt^, wisdom ; the study or know- 
ledge of nature or morality, founded on reason and experience ; the 
word originally implying " A love of wisdom." 

pHiAeiSTOir, from 4>Xf>«, to burn ; a name given by the older chemists to 
an imaginary substance, which was considered as the principle of in- 
flammability. 

Phosphokus, from ^mCi light, and ^^, to produce ; a highly inflammable 
elementary substance, obtained from calcined bones, which emits light 
when placed in the dark, owing to its undergoing a slow combustion. 

Phtsics, -ical, from ^vo-ic, nature; the science of natural bodies, their 
phenomena, causes, and efiects, with their affections, motions, and 
operations. 

PifKUXATiGS, from wnSfAOj air ; that branch of Natural Philosophy which 
treats of the weight, elasticity, and other properties of a£ri£xrm fluids. 

PoLARTTT ; the opposition of two equal forces in bodies, similar to that 
which confers the tendency of magnetized bodies to point towards the 
magnetic poles. 

PoLAEizED lioht; light, which by reflection or refraction at a certain 
angle, or by refraction in certain crystals, has acquired the property of 
exhibiting opposite efiects in planes at right angles to each other, is 
said to be polarized, 

PoKxs, from «rd^, a passage ; the small interstices between the solid par- 
ticles of bodies. 

PasciPiTATioir, from pracipito^ to fall suddenly; the formation and separa- 
tion of a solid substance in a liquid. 

Pagduct, from pro, forth, and duco, to draw ; anything formed from, the 
elements of another by an operation. 

Ptbo, from wv^^ Are; when prefixed to a word, denotes that the substance 
which it signifies, has been formed at a high temperature. 

QuALiTATiTs; regarding the properties of a body, and the kinds of matter 
of which it is composed, without reference to quantity. 

QuAHTiTATi vx ; regarding quantities. 

Radiatiok, from r€uHu8j a ray ; the shooting forth in all directions from a 
centre. 

Rabkfactioit, from rariM, rare, and /ooo, to make ; the act of causing a 
substance to become less dense ; it also denominates the state of this 
lessened density. 

RxcTiPicATiow; the process of drawing anything off by distillation, in 
order to obtain it in a state of greater purity. 

RxFHACTioir, ftom re, back, and frango, to break; the deviation of rays of 
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light or heat from their direct coarse, when passing through media of 
different densities. 

RxFBiGBBATioir, from re, again, and yHguf, cold; the act of cooling. 

Refulsioit, from re, hack, and peUo^ to drive ; that property in certain bodies 
whereby they mutually tend to recede from each other. 

Salifiable bases, from salj salt, and ^, to become; bodies capable of com- 
bining with acids, to form salts. 

Sapid, from tapio^ to taste of; possessing the power of exciting the organs 
of taste. 

Satubatioit, -atxd, from saiur, full ; the solution of one body in another 
until the receiving body can contain no more. A solution is said to be 
saturated with an acid or an alkali, when the latter is added in suffi- 
cient quantity to render it neutral, and supersaturated when the point 
of neutrality has been exceeded. 

SoLUTioir, from sofoo, to loosen or melt; any liquid which contains another 
substance dissolved in it 

SoLVEiTT ; any substance which will dissolve another. 

SpECiric, from spedes^ a particular sort or kind ; that which denominates 
any property which is not general, but is confined to an individual or 
species. 

Specific obatitt ; see Gbavitt, specific 

SuBLiMATioir, from tuhUmis^ high ; the act of raising into vapor by means 
of heat, and condensing in the upper part of the vessel. 

Sulphide ; a combination of a metal with sulphur. 

SUPEBSATUBATE ; SCO SaTUBATIOB. 

Tebbabt, from fer, thrice; containing three units. 

Tetbahedbob-, from rU-a-a^if, four, and t^fa^ a base or side; a soUd figure 
contained by four equal and equilateral triangles. 

Tbabspabsbt; a term to denote the quality of a substance which not only 
admits the passage of light, but also of the vision of external objects. 

Tbitubatb, from triiurOj to thresh ; to reduce to powder. 

Vactum, from vacuus^ empty ; a space empty, and devoid of all matter. 
VoLUKE, from vokunent a roll ; the apparent space occupied by a body. 

Weight ; the pressure which a body exerts vertically downwards, in con- 
sequence of the action of gravity. 

ZsBo ; the numeral O, which fills the blank between the ascending and 
descending numbers of a series. 

35 
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Acid, sulphuric, uses of . 

impurities in 
detected . 

Table of specific graTities of 
tartaric, action of rei^ents on 
" impurities in 
« uses of 
for Alkalimetry 
Acidimetry 
Acids, classification of 

inorganic, action of reagents ob . 
organic, action of reagents on 
Alcohol ..... 

" Table of specific graTities of 
Alkalies, action of reagents on • 
Alkalimetry .... 

Alkaline earths, action of reagents on 
Alumina, action of reagents on • 

blowpipe test for . • 

detected 
Ammonia, action of reagents on • 
distillation of . 
impurities in . 
uses of . • • 

detected . • 

Table of specific gravities of • 
carbonate • • • 

hydrosulphate . • 

muriate, formation of • 

oxalate, uses of 
Ammoniacal gas, prepared and experimented with 
Ammonio*nitrate of silver 
Ammonio-sulphate of copper 
Ammonium and platinum, double chloride of 
Analysis of simple soluble salts . 

simple salts, soluble in acids 
simple insoluble salts 
mixed soluble salts 
mixed salts, soluble in acids 
mixed insoluble salts 
sulphate of copper 
chloride of potassium 

mixture of sulph. copper and chlor. sodium 
mixture of sulph. zinc and carb. baryta 
magnesian limestone 
copper pyrites 
gunpowder 
carbonates 
Annealing glass . 

Antimony, oxide of, action of reagents on 
" distinguished from arsenic 
** detected 

Antimoniate of potash 
Antimonic acid, action of reagents on 
Antimonious acid, action of reagents on 
Antimoniurettcd hydrogen 
Apparatus cleaned 
labelled 
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€€ 
€C 

€( 



CaJcolus, fusible .... 
" oxalate of lime 
phosphate of lime 
triple phosphate • 

urate of ammonia . • 

uric acid 
Calomel, behavior with reagents . 
Caoutchouc connectors, how made 
Carbonate of ammonia, uses of . 
** " impurities in 

*' potash, impurities in 

'' soda, impurities in . 

" ** fusion with . • 

Carbonates, analysis of . 
Carbonic acid, action of reagents on 
** detected 

" prepared and experimented with 

<< substances heated in 

*' in carbonates, estimated . 

Carbonic oxide, prepared and experimented with 
Charcoal support . 

** specific gravity of 
Chemical equations 
** equivalents 
" symbols 
** terms, Glossary of 
Chloric acid, action of reagents on 

** detected 

Chloride of barium 
" calcium 

Chlorine, estimation of 

" generated 
Chromate of potash 
Chromic acid, action of reagents on 
Chromium, oxide, action of reagents on 
" " detected 

" ** Dichroism of its compounds 

Citric acid, action of reagents on . 

Classification of bases and acids 
Cleaning apparatus 
Cleanliness, importance of 
Cobalt, oxide, action of reagents 
** detected . 
*' nitrate 
Copper, oxide, action of reagents 
ammonio-sulphate 
arsenite 
detected . 
estimation of , 
hyd rated oxide 
pyrites, analysis of 
sulphate, analysis of 
** a reagent 
Cork boring 

Cork, specific gravity of . 
Crucible-jacket 
Crucible, platinum 
Crystals of arscnious acid 
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Crystals of tin 

Cupellation with the blowpipe 

Cyanide of potassium 
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242 



Decantation of gases 
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<< washing precipitates by 










. 207 


Deflagrating spoon 










. 36 


Desiccation in Tacuo 












. 208 


Dichroism of salts of chromium 












. 101 


Discoloration of glass, removed 












. 50 


Distillation of ammonia . 












46 


*' hydrochloric acid 












45 


** nitric acid . 
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** water 












41 


'^ in tubes 












. 161 


Double filters 
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206 


Dropping-bottle 












79 


Drying ......... 


199 
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Earthy phosphates, detected ..... 173, 194 


Equations .... 








. xviii 


Blquivalents, chemical 








xiv 


Ether, Table of specific gravities of 








. 259 


Evaporation .... 








. 207 


Examination of calouli 








. 226 


Experiments with the mouth blowpipe . 








. 57 
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Ferridcyanide of potassium ...... 242 


Ferrocyanide of potassium 
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Ferrocyanogen . . . 
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Filters, burning of 
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*' ashes estimated 
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** moistened 








i 




43, 203 


« folded 
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" double 
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. 206 


Filtering hot solutions 
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Filtering blocks 
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Filtering-ring • 












. 203 


Filtration . 
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. 202 


Flame, Oxidizing and Reducing . 
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Flasks, uses of . 










. 201 


Formic acid, action of reagents on 
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Freezing mixtures. Table of 
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Fusible calculus . 
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G. 

Gas, ammoniacal, prepared and experimented with 
Gas and air, mixture of . . . 

«< hydrochloric acid, prepared and experimented with 
« olefiant 
Gaseous manipulation 
Gases, dried 

Gases, soluble, preparation of 
<< substances heated in 
** transferred 
Gasholder, Pepys's 
General rules 
Glass, annealed 
*« bending of . 
bulbs made . 
rods joined . 
stirrers made 
syphon made 
tube heated 

** hermetically sealed 
tubes joined 
Glass-working 
Glasses cleaned 

" precipitating 
Glossary of chemical terms 
Glucina, action of reagents on 
Gold, perchloride . 

" oxide, action of reagents on 
Gravity, specific ; see Specific gravity 
Gunpowder, analysis of 
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Handles of paper for tubes 
Heating in gases 

<< substances in carbonic acid 
Hydrated salts, estimation of water in 
Hydriodic acid, action of reagents on 

«« «« detected . 

Hydrobromic acid, action of reagents on 
Hydrochloric acid, distillation of • 
*' uses of 

*' action of reagents on 

«* impurities in . 

*' detected 

" table of specific gravities of 

** gas, prepared and experimented with 

Hydrocyanic acid, action of reagents on 
Hydrofluoric acid, action of reagents on . 
Hydrogen, prepared and experimented with 

*« reduction of metaflic oxides in 

Hydroselenic acid, action of reagents on 
Hydrosulphate of ammonia 
Hydrosnlphuric acid, preparation of 

*< action of reagents on 

<« uses of 
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Oil bath ..... 
Olefiant gas, prepared and experimented with 
Organic acids, action of reagents on 

'' mixtures, detection of arsenic in 
Osmium, oxide, action of reagents on 
Oxalate of ammonia, uses of 
Oxalate of lime calculus . 
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<< impurities in . 
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Oxygen, prepared and experimented with 
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Silicic acid, detected 
Silver, oxide, action of reagents on 
detected 

ammonio-nitrate . 
chloride . . 
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effect of temperature on 
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** blowpipe test for 
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Ether 

Hydrochloric acid 
Nitric acid 
Potash 
Soda . 
Sulphuric acid 
Thermometrical 
of freezing mixtures 

showing the action of reagents on oxides and acids 
showing the boiling points of saline solutions 
showing the solubility of salts 
Tartaric acid, action of reagents on 
** uses of 

^' impurities in 
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*' cleaned 

Tin, detected 
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*' crystals of 
Triple phosphate calculus 
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Troy weight 
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for blowpipe experiments 
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Tungstic acid, action of reagents on 
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Uranium, oxide, action of reagents on 
Urate of ammonia calculus 
Uric acid calculus 
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Wooden filtering blocks 
Working glass 
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Yttria, action of reagents on 
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** detected 

«« blowpipe test for 

<< estimation of 
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new edition, 1 vol. 8vo., 484 pages, many 
cuts. 

ANSTED'S ANCIENT WORLD— POPU- 
LAR GEOLOGY, with numerous illus- 
trations (nearly ready). 

BIRD'S NATURAL PHILOSOPHY, from 
a new London edition, 1 vol. royal 12mo., 
many cuts (at press). 

BREWSTER'S TREATISE ON OPTICS, 
1 vol. 12mo., 423 pages, many cuts. 

BABBAGE'S " FRAGMENT," 1 vol. 8vo., 
250 pages. 

BUCKLAND'S GEOLOGY AND MINE- 

RALOOY, 2 vols. 8vo., with numerous 

plates and maps. 



BRIDGEWATER TREATISES, with 
many plates, cuts, maps, &c., 7 vols. 
Svo.. 3387 pages. 

CARPENTER'S ANIMAL PHYSIOLO- 
GY, with 300 wood-cuts (preparing). 

CARPENTER'S POPULAR VEGETA- 
BLE PHYSIOLOGY, 1 vol. royal 12mo., 
many cuts. 

DANA ON CORALS, 1 vol. royal 4to., 
with an atlas of plates, being vols. 8 and 
9 of U. States Exploring Expedition (at 
press). 

DE LA BECHE'S NEW WORK ON 
GEOLOGY, with wood-cuts (preparing). 

GRIFFITHS' CHEMISTRY OF THE 
FOtJR SEASONS, 1 vol. royal 12mo., 
451 pages, many cuts. 

HALE'S ETHNOGRAPHY AND PHI- 
LOLOGY OP THE U. S. EXPLORING 
EXPEDITION, in 1 large imp. 4to. vol. 

HERSCHELL'S TREATISE ON ASTRO- 
NOMY, 1 vol. 12mo., 417 pages, numer- 
ous plates and cuts. 

INTRODUCTION TO VEGETABLE 
PHYSIOLOGY, founded on the works 
of De Candolle, Lindley, &c., 18mo. 

KIRBY ON ANIMALS, plates, 1 vol. Svo., 
520 pages. 

KIRBY AND SPENCE'S ENTOMO- 
LOGY, 1 vol. 8vo., BOO large pages; 
plates, plain or coloured. 

METCALF ON CALORIC, 1 vol. large 
Svo. (preparing). 

MULLER'S PRINCIPLES OF PHYSICS 
AND METEOROLOGY, with five hun- 
dred and fifty wood-cuts, and two co- 
loured plates (nearly ready). 

PHILOSOPHY IN SPORT MADE SCI- 
ENCE IN EARNEST, 1 vol. royal 18mo., 
430 pages, many cuts. 

ROGET'S ANIMAL AND VEGETABLE 
PHYSIOLOGY, with 400 cuts. 2 vols. 
8vo., 872 pages. 

TRIMMER'S GEOLOGY AND MINE- 
RALOGY, 1 vol. 8vo., 528 pages, many 
cuts. 



VETERINARY MEDICINE. 

CLATER AND SKINNER'S FARRIER, 
1 vol. 12mo., 220 pages. 

YOUATT'S GREAT WORK ON THE 
HORSE, by Skinner, 1 vol. 8vo., 448 
pages, many cuts. 

YOUATT AND CLATER'S CATTLE 
DOCTOR, 1 vol. 12mo., 282 pages, cuts. 

YOUATT ON THE DOG, by Lewis, 1 
vol. demy 8vo., 403 pages, beautifUl 
plates. 

YOUATT ON THE PIG. 1 vol. 12rao., 
pages, beautiAil plates. 



NEW WORKS 



AND IITEW EDITIONS 



LATELY PUBLISHED BY 

LEA & BLANCHARD 



MEDICAL BOOKS. 



DICTIONARIES. £C. 

DUNGLISON'S MEDICAL DIC- 
TIONARY, NEW EDITION, (the 
7th,) much improved and enlarged, 
with over 6000 words not in the 6th 
edition. In one large octavo vo- 
lume, over 900 pages, double co- 
lumns. 1848. 

NEILL AND SMITH'S ANALYTI- 
CAL COMPEND of Practical Me- 
dicine, Surgery, Anatomy, Mid- 
wifery, Physiology, Materia Medica 
and Therapeutics, and Chemistry, 
for the Use and Examination of 
Students. In one very large royal 
12mo. volume, of over 900 pages, 
with nearly 350 wood cuts. 



ANATOMY. 

SHARPEY AND QUAIN'S ELE- 
MENTS OF ANATOMY, edited 
by Leidy. Complete in two large 
octavo volumes, from the 5th Lon- 
don edition, with about 500 wood- 
cuts, (nearly ready.) 

WILSON'S HUMAN ANATOMY, 
by Goddard, FOURTH EDITION, 
(1848,) one volume 8vo., 252 wood- 
cuts, 580 large pages. 



PHYSIOLOGY. 

KIRKES AND PAGET'S PHYSI- 
OLOGY FOR STUDENTS, BASED 
ON MULLER'S LARGE WORK. 
In one large royal 12mo. vol., 500 
pages, with 120 wood-cuts. 



MATTEUCCI'S LECTURES ON 
THE PHYSICAL PHENOMENA 
OF LIVING BEINGS. Edited by 
Pereira. In one royal 12mo. volume, 
388 pages, 36 cuts. 

SOLLY ON THE ANATOMY, PHY- 
SIOLOGY, AND PATHOLOGY OF 
THE BRAIN, with a Description 
of the Typical Form of the Brain 
in the Animal Kingdom. One vol. 
Svo., 496 pages, 118 wood-cuts. 



PATHOLOGY. 

BLAKISTON'S PRACTICAL OB- 
SERVATIONS ON CERTAIN DIS- 
EASES OF THE CHEST, and on 
the Principles of Auscultation. In 
one vol. 8vo., 384 pages. 

BLOOD AND URINE, Manuals of, by 
Reese, Griffith, and Markwick, one 
vol. large 12mo., 462 pages and six 
plates. 

BURROWS ON THE DISORDERS 
OF THE CEREBRAL CIRCULA- 
TION. One vol. 8vo., 216 pages, 
with 6 colored plates. 

LALLEMAND ON SPERMATOR- 
RH(EA, translated by M'Dougall. 
In one octavo volume, 320 pages. 

WHITEHEAD ON THE CAUSES 
AND TREATMENT OF ABOR- 
TION AND STERILITY, being 
the result of an extended Practical 
Inquiry into the Physiological and 
Morbid Conditions of the Uterus. 
In one vol. 8vo., 368 pages. 
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